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General Purpose 
Die & Mould Steel 








\/ 

Chromium/ Vanadium Chromium /Molybdenum/ i Nickel/Chromium 
Tungsten/Molybdenum ‘ Vanadium Molybdenum * 
Hot Working & Forging Aluminium Extrusion & Backing Die & Hot 

Die Steel Pressure Die Casting Steel Working Steel 


Walter Somers Limited 


HAYWOOD FORGE HALES OWEN NR. BIRMINGHAM § Telephon: Hales Owen ties 
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MARATHON 


DROP HAMMERS 


for high speed production 
of intricate forgings 


ope 
*Snatts 





Specially designed for high speed 
production of intricate forgings, Massey 
Marathon Drop Hammers have compressed 
air control for easier operation. Electrical 
drive ensures low upkeep costs and the 
design of the slides and standards makes 


accurate die alignment eas) 


Important design features include fully 
automatic control for any length of blow 
and the lifter is insulated from shock 
for longer life. Available in sizes from 


10 cwt. to 40 cwt. 


20 cwt. Marathon 
Drop Hammer 





MASSEY DESIGNS INCLUDE -- 





Steam and Compressed Air 
Hammers, Pneumatic Power 
Hammers, Friction Drop BsS. ASSEY | by OPENSHAW . MANCHESTER . ENGLAND 
Hammers, Double-Acting Steam 
and Compressed Air Drop 
eta tage MAKERS OF THE WORLD'S GREATEST RANGE 
Hammers, Forging Presses, Use OF FORGI 
Rollers, Trimming Presses, GING AND DROP FORGING PLANT 
Tyre Fixing Rolls 





metal treatment 
november, 1961 and Drop Forging 


LAMBERTON 





TON VERTICAL 
FORGING PRESS 


730 








Photograph by courtesy of The Austin Motor Company Limited 


A fast working press suitable for mass production forging 
An automatic feeder can be fitted 


Write for full details to 


EUMUCO (England) LIMITED 


26 FITZROY SQUARE - LONDON W1 - TELEPHONE: EUSTON 4651 


Smee's E.8 





ETHER 


qul-thd iD 


_XACTROL 








-for indicating, recording and 































TURE 





——— 


POTENTIOMETERS 


PATENTS APPLIED FOR 





SERIES 2000 (illustrated opposite) 
Single-point Potentiometer Recording Controllers 











6" calibrated scale * Standard ranges: 2mV-l00mV span 

Pen speed: |, 2 or 4 secs. across chart * Chart life: | month at 
| inch per hour. 

Available with (i) Two-position on/off control (ii) Anticipatory control 
(iii) Proportioning (electrical) control (iv) Three-position control 

(v) Programme control (vi) Proportioning (motorised) control 





Multi-point Potentiometer Recorders 











SERIES 2050 


6" calibrated scale * Balancing motor totally de-energised 
throughout printing and indexing cycles * 

Standard ranges: 5mV-l00mV span * 

Pen speed: 2 secs. across chart * Printing speed: 6 secs. per point 


Available with (i) Two-point record (ii) Three-point record 
(iii) Six-point record. 








SERIES 2500 
Single-point Potentiometer Indicating Controllers 











18” calibrated scale * Standard ranges: 5mV-l00mV span 

% Response speed: 2 secs. across chart * Bold easy-to-read 
scale and pointer. 

Available with (i) Two-position on/off control (ii) Anticipatory control 
(iii) Proportioning (electrical) control (iv) Three-position control 

(v) Programme control (vi) Proportioning (motorised) control 








IMustrated leaflets of all ‘Xactrol’ Potentiometers from: ETHER LTD. 
TYBURN ROAD, ERDINGTON, BIRMINGHAM, 24 :: East 0276-8 
CAXTON WAY, STEVENAGE, HERTS :: Stevenage 2110-7 











controlling any process variable: 
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Priest Furnaces 


PRIEST 


PRIEST FURNACES LIMITED 
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TRIED and PROVED 


* 


for FAST EFFICIENT 


MORGAN 


=> BASIN 
na Si K TILTERS 


ae 


— 2k The new BT-1300 takes only 
a — SO minutes to melt all this 
e- , Aluminium Alloy 


* al 


During the past eighteen months 54 Morgan Basin For top quality castings and lowest melting loss, invest 
Tilters have been installed in modern foundries for in the most flexible of all bulk melters. Ask for a 
fast and economical bulk melting of a wide range of demonstration, with your own metal if preferred, at 
j ee quality aluminium or copper based alloys. the Battersea Test Foundry. 


MORGANITE CRUCIBLE LIMITED, NORTON WORKS, WOODBURY LANE, WORCESTER. Tel: Worcester 26691 Telex: 33191 
A Member of The Morgan Crucible Group. F544 
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Covmac Forging Machines are 
made in nine sizes to take 
bars from }-in. to 6-in. 
diameter. Safety devices on 


all models prevent overloading. 


be 3-in. machine illustrated with main 
guards removed 





Covmac also make Automatic Forging Machines, 


as well as machines for making balls up 








to and including 4-in. diameter. In addition 
there are three sizes of Hot Milling 
and Sawing Machines. 





COVENTRY MACHINE er RD. 


LIFAX 


TOOL WORKS LTD ENGLAND 


14 
: 


OVERSEAS AGENTS:—AUSTRALIA: Gilbert Lodge & Co., Lid., 386 Harris Street, Ultimo, Sydney, N.S.W. CANADA: Williams & Wilson 
Ltd., 544 Inspector Street, Montreal. FRANCE: Societe Anonyme Alfred Herbert, | and 3 Rue du Delta, Paris (9c), HOLLAND: Esmeijer 
& Co., Oosterkade 24, Rotterdam, C. INDIA: Alfred Herbert (India) Lid., 13/3 Strand Road, P.O.B. 681, Calcutta, 1. NEW ZEALAND 
Gilbert Lodge & Co., Ltd.. Head Office: 55 Staticn Road, P.O.B. 12-063, Penrose, Auckland, S. E.6, N.Z. » also at Christchurch 
and Wellington. PAK ISTAN: Guest, Keen & Nettlefolds in Pakistan Ltd. P.O.B. 819, Bank of India Buildings (3rd Floor), Bunder Road, 
Karachi. SOUTH AFRICA AND RHODESIA: Hubert Davies & Co., Lid... Hudaco House,7 Rissik Street, Johannesburg. SPAIN: Gumuzio 
S.A., Gran Via 48, Apartado 920, Bilbao. KENYA, UGANDA, TANGANYIKA & ZANZIBAR : Len Cooper Ltd., P.O.B. 3796, Nairobi, Kenya. 
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The new and exciting 
Jaguar Model E 


combines the superb 
performance of a racing car 
with the comfort and 


reliability of a family saloon. 





HOMOCARB ELECTRIC 
GAS CARBURISING 


WE are indebted to the Jaguar Company for the above photographs of the 
new Model E and part of their Homocarb furnace installation. Homo- 
carb with its twin advantages of forced circulation and exact temperature/time 
control has won world-wide recognition as will be seen from the following 
list of some important users. 

Rolls-Royce, Austin, British Timken, B.S.A., Caterpillar Tractor, Humber, International 


Harvester, Singer, Sperry Gyroscope, Vauxhall, Morris, Jaguir, Villiers, Hoffman, 
Leyland, Rotol, Vandervel], etc. etc. are among hundreds of users of Homocarb 


Send now for descriptive literature or a Technical Representative will visit you at your comvenience 


LEEDS & NORTHRUP LTD. 


183 BROAD STREET, BIRMINGHAM, |5 
Telephone: MIDLAND 3031/6 "Grams: FLOMETER, BIRMINGHAM 





British made in Birmingham 
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‘IS HEAT 
RECIRCULATION 
A LOT OF HOT AIR?’ 


As Gladstone said in ‘83 Yes’! 

BUT THERE MUST BE MORE TO IT THAN THAT. 
At Brayshaw’'s there is. While employing the same 
basic principles of heat treatment by recirculated hot 
air or gases, they have achieved a far superior system 
WHAT ABOUT THE WORKINGS? 

Brayshaw's recirculation furnaces comprise a working 
chamber and separate combustion chamber for more 
accurate and rapid heating at ALL temperatures from 
100°C up to a maximum of 950°C. 

BRAVO FOR BRAYSHAW'S 

THEIR RECIRCULATION FURNACES GET MY VOTE! 


Whatever your burning question 


GENERAL HEAT TREATMENT, PROCESS HEATING, TESTING, 
FORGING, METAL MELTING, GALVANISING, TINNING. 
You name it. Brayshaw will supply the complete answer. 

Write today for full details of the entire range of BRAYSHAW furnaces, 
Gas, Oil or Electric—for ALL industrial heat treatments 


This oven furnace 


is just one type of heat recirculation furnace 
available. Others include Bogie Hearth, Vertical & 
Horizonta! Pit types. A standard range of vertical 
air recirculation furnaces is also available for 
tool room use. Temperature range 100-750°C, 


Burns to serve your industry 


FURNACES LTD., BELLE VUE WORKS, MANCHESTER 12 


Telephone: EAST 1046 (3 lines) 





1961 
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quality forgings at jowe, cost! 


MAXIPRES forging means: (1) The strongest 
metal parts obtainable; (2) The forgeman’s skill 
is built into the press and dies; (3) “No-draft” 
forgings become routine with mechanical knock- 
outs; (4) Maxipres installations report four times 
greater output over other forging methods. Result 
— stronger parts at lower cost! 


—L*.- > 







If your press forging jobs are large or small, hot 
or cold, ferrous or non-ferrous — let us help you 
investigate. Bring your prints or forgings to 
Tiffin or Nirnberg, and let’s discuss your plans 
for automatic or manual forging. 








|->Z0O-—A>2 


No obligation. 





Available in 13 sizes 
from 300 through 8000 tons 


FORGING MACHINES + MAXIPRESSES « REDUCEROLLS 
BOLTMAKERS + NUT FORMERS + TAPPERS 
COLO HEADERS + PARTS-MAKING MACHINES 


UNITED KINGDOM OFFICE : 
429 BIRMINGHAM ROAD 
SUTTON COLDFIELD, WARWICKSHIRE, ENGLAND. Telephone ERDINGTON 4192 
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PotvOgrapN Oy Kune verrmussion wy Ure Auatin ow Ve. Ltd. 


FURNACES 


A wide range of standard or tailor-made mechanised forge furnaces is available, Pusher 
Type - Rotary Hearth Type - Conveyorised Bar End Heating, with GGC scale-free heating 
system or fired by gasor oil. The photograph above illustrates a small Thermic Magazine 
Feed Pusher furnace fired by CC Burners. Output: 7-cwts. of small billets per hour. 


Thermic Equipment & Engineering Co. Ltd. 


(Subsidiary Compeony of Gibbon: Bros. Limited, Dudley) 
SALMON STREET, PRESTON TELEPHONE : PRESTON 56254/5 * TELEGRAMS: THERMIC-PRESTON 
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36° TYPE 23RH 
EXTRACTOR FOR 
RECLAIMING CUTTING 
OILS AND COMPOUNDS 
FROM SWARF 





BROADBENT PLANNED SWARF DISPOSAL 


euts production costs 


by efficiently reclaiming cutting oils and compounds with BROADBENT 
CENTRIFUGAL OIL EXTRACTORS, and by leaving cleaner scrap 
which demands higher prices and reduces transport costs 


keeps factories cleaner 


by eliminating oil soaked floors and at the same time keeping swarf 
clear of both machines and operators 


* Write for publication $2/S5110 








THOMASH aa OW ‘UDE-e a mie & SONS LTD 


CENTRAL IRONWORKS, HUDDERSFIELD Phone: 5520-5 Grams: “ BROADBENT” Huddersfield 
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“Only 2,000 ops and done for. 
You must be cracked... 


(It's all that oi! and sawdust /)99 






“4,000 ops and still 
going strong — 


(/t's all that lubrication with a 
FOLIAC Colloida/ Graphite Dispersion )¥9 


Foliac Colloidal Graphite supersedes the traditional 
methods of die lubrication. It not only eliminates 
metal-to-metal contact, but protects the surfaces of the 

dies from corrosion, cracking and burning. It provides 

a tough, self-lubricating film over the entire die surface 
that reduces friction and improves metal flow. The 

result is a consistently well finished product from a die that 
lasts twice as long—or longer. Why not ask 

our representative to call to discuss specific problems 

and advise on applications 


r O L I A C COLLOIDAL GRAPHITE DISPERSIONS 





h a GRAPHITE PRODUCTS LIMITED 
ce A Member of The Morgan Crucibie Group 


POINT PLEASANT - WANDSWORTH * LONDON - S.W.18 TELEPHONE: VANdyke 6422 
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160 kw 8 kic “Transaxe” type heater 
for heating the ends of pins. 


Above : Automatic machine for 
surface hardening of small 
cylindrica/ parts 


160 kw Bkic Screw spike heater 


Below : 100 kw 4 kic heater 
for tubes 


ACEC (Ateliers de Constructions Electriques de’ Charleroi) 
Cromwell House, Fulwood Place, London, W.C.1 


Telephone : CHAncery 2932/3 Telex : London 28678 











The preference of so 
many of the busiest producers 


in the forging industry for 
Wilkins & Mitchell Forging Presses, 


especially in their most recent 
installations, is based on their need 
for higher productivity. Experienced 
users have learned to rely on the 
progressive design, dependability 
and built-in reserves of Wilkins 
and Mitchell Presses. 





WILKINS & MITCHELL LTD DARLASTON S. STAFFS . ENGLAND 





FORGING PROGRESS 








FORGING PRESSES 
STRIPPING PRESSES 
ROLLS 

BILLET SHEARS 

of advanced design 





WILKINS & MITCHELL 


The Presses that cut costs 


and related efficiency 


A scene in a typical 

modern forge with 

a battery of WILKINS 

& MITCHELL Forging Presses 
arranged for high speed 


accurate production. 
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HANDLED WITH CARE 


Care is the basic ingredient in any successful 
project—constant attention to detail at 

every stage of design and construction. 

The Incandescent Heat Co. Ltd., produce an 
immense range of heat treatment equipment to 
meet many different demands both 

for static and continuous processes. 

Furnaces for annealing, normalizing, bright 
annealing, carburizing, hardening and tempering, 
forging, re-heating, malleablizing, cyanide 


hardening, bright brazing. 


II LOT ATH Ae 





THE INCANDESCENT HEAT CO. LTD,, SMETHWICK, ENGLAND. 12/22N/61 
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Copies Left- and Right-hand 
die halves simultaneously 


. 
q 
: 
i 
om 





AUTOMATIC HYDROCOPYING DIE SINKER 
MODEL KAB 250 


Fully automatic — roughing and finishing — this exceedingly 

robust bed-type machine copies 3-dimensional dies, without supervision, from 
wooden or plaster models. Both left- and right-hand halves of the die can 

be copied at the same time from the same master. 360 profiling can be performed 
at constant feed, without rotating circular tables, and on 

vertical contours. Servo hand control permits speedy roughing. The machine 

has two spindles; single- and 4-spindle machines are available also. 


Table size 130° « 25%". Spindle speeds (18) 42 to 2000 r.p.m. 
Copying feeds, steplessly variable -4" to 15-75". Pick feeds 006" to +2". 


Send for illustrated brochure MT/188 


SOLE U.K. DISTRIBUTORS 










DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W.1i4 


Tel: WESTERN 8077 (8 lines) Telex: 23182 Groms’ ACCURATOOL LONDON TELEX 






metal treatment november, 1961 
and Drop Forging 


oa 


s 


te)-fe] =) a -15)/ 8 oh 
BETTER RESISTANCE 
FURNACES THAN 


Ceri“ ss 








RESISTANCE 
FURNACES 


G.W.B. FURNACES LIMITED (FURNACE DIVISION), DUDLEY, WORCESTERSHIRE. TEL: DUDLEY 55455 


ASSOCIATED WITH GIBBONS BROS. LIMITED AND WILD-BARFIELD ELECTRIC FURNACES LIMITED 
we / 286 
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PRECISION MACHINING 


MOORSIDE COMPONENTS 
OLDHAM 


PRECISION FORGINGS TURBINE & COMPRESSOR BLADES 


MONK BRIDGE IRON & STEEL CO 
LEEDS 12 


DROP FORGINGS - FORGINGS HARDENED STEEL ROLLS 


DANIEL DONCASTER & SONS LTD 
SHEFFIELD 


FORGINGS DROP FORGINGS 


DANIEL DONCASTER & SONS LTD 


(The Blaenavon Company Branch) 


BLAENAVON MONMOUTHSHIRE 


The Daniel Doncaster companies are integrated at any stage to let you have the rough 


to bring together modern resources and ac- forging or to precision machine your own 
cumulated skills so that we can carry work components. 


through from the forging stage to the highest We are specially interested in manipulating 


standards of finished machining. difficult materials complex alloy steels, 


We are equally ready to take up the work titanium, Nimonic, heat resisting materials. 
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Two “Allcase’ Furnaces at the works of a 
leading motor manufacturer, used for carburiz- 
ing and carbonitriding steering and other 
parts, requiring various case compositions and 
depths. Thehearth area of each furnace is 
3’ 0” x 2’ 0” with |’ 6” permissible depth of 
charge, and is designed to accommodate gross 
charge weights varying from 900 Ib. at 750°C. 
to 500 Ib. at 950°C. 








The “Alicase” Furnaces illustrated form part of a battery of fully-automatic sequence and programme controlled 
Furnaces used for Gas Carburising, Carbonitriding, and Reheating of various automobile components. 
PROCESSES: With an operating temperature range of |,400 to |,750°F. the following controlled atmosphere processes 
can be carried out. 

1—Gas Carburizing. 2—Hot Oil Marquenching. 3—Clean Hardening. 4—Dry Cyaniding or Carbonitriding. 5—Carbon 
Restoration. 6—Homogeneous Carburizing. 7—Clean Annealing. 


BRITISH FURNACES LTD. 


CHESTERFIELD 


ASSOCIATED WITH SURFACE COMBUSTION CORPORATION, TOLEDO. USA 
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Atmospheres are 
best controlled with 
BOTTOGAS Butane 











Photograph by courtesy of Enfield Rolling Mills Lid. 


BOTTOGAS ~~ 


BUTANE —— 


+>, 


3 | 
PRECISION FUEL 3 for industrial furnaces 














aon a 
| | | 
BOTTOGAS butane and PROPAGAS | BOTTOGAS butane and PROPAGAS propane 
propane with their low sulphur ' | are the Precision Fuels for the glass industry, 
content are the perfect mediums for a & air heaters, radiant heaters, bitumen and mas 
» Tr . ~at . 2 rhts lo torches, for ft 
special furnace atmospheres. They tie heating, floodlights, blow torches, fork Ui 
. Y trucks, agriculture. 
are widely used for gas carburising, 
carbonitriding and bright annealing. . m3 BOTTOGAS butane and PROPAGAS propane 
Pm come from the British Refineries of the Shell and 
— B.P Groupe. They are backed by a nationwide 
distribution service and technical resources 
—— second to none. 
Gases Shell-Mex and B.P. Gases Limited 


(Reg'd users of Trade Marks 


Cecil Chambers, 76-86 Strand, London WC2 Phone: TEMple Bar 1234 
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Are you 
concerned with 
annealing scale 

rust removal 
or corrosion 


prevention? 


24 


november, 1961 


If you are involved in all or any of these 
processes then it may well be worth your 
while to get in touch with E. & A. West Lid. 

In all probability they may be able to 

solve some of your problems in these fields or 
suggest more economical or efficient methods. 
Their Technical Advisory Service is at the 
disposal of Industry and will be glad to get to 
grips with your particular problem. 

The answer may even be in their impressive 


library of “case histories”. 
Please do not hesitate to call them in. 
This service is freely given and non-obligatory. 







18/8 Stainless Stee! sur- 
face after two hours in 
Ferric Sulphate Hydro- 
fluoric Acid bath. Over 
pickling has had no effect 
on the metai surface. 


18/8 Stainiess Steel sur - 
face after two hours in 
Nitric Hydrofluoric Acid 
bath. Over pickling has 
resulted in etched crystal- 
line surface. 





For technical advice or product 
data you are invited to write to:- 


E. & A. WEST Limited, 
Parcel Terrace, 


DERBY. 
Telephone: Derby 45008. 


Wee'o fF 


CHEMICALS FOR INDUSTRY 





Patches of red scale left 
on brass after pickling in 
7% Sulphuric Acid. 


Bright,even surface on the 
same brass after pickling 
in 5% Sulphuric Acid with 
added Ferric Sulphate. 


Ferric Sulphate. As a pickling agent results 
in rapid, clean and fume-free method of 
descaling stainless steel, copper, brass and 
nickel silver and an improved method of 
etching mild steel surfaces prior to coating. 
Non-fuming, non-toxic, safely handled. 
Westolite Rust Remover. This is supplied 
in two forms: liquid and thixotropic. The 
former is recommended for dipping batches 
of ferrous metal goods. it is a particularly 
efficient phosphating material which combines 
effectively with the surface metal to 

produce a protective non-rusting layer. 
Thixotropic Westolite has been developed 

for use ow industrial plant, structural 
steelwork, and in situations where immersion 
is precluded. In the form of a gel, 

Thixotropic Westolite becomes temporarily 
free-flowing when applied with a brush but 
after application resumes its paste-like 
consistency. Advantages include, adherence to 
vertical surfaces, no drips and no wastage. 
Also manufactured is a range of Industrial 
chemicals including Dipping Acid, Nitric Acid 
and Hydrofluoric Acid. 
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All the world 


rolls along on steel 


TEEL BALL BEARINGS are as essential to the 
smooth progress of the Chairman's limousine 

as they are to this boy’s roller skates. In fact, 
whether you go by car, bus, bike, or scooter, you're 
really travelling on ball or roller bearings of steel 
And not only bearings, but axles, wheels, 
chassis and bodywork pressings of most of our 
vehicles are made of steel. This is where steel’s 
versatility comes in: ball bearings are usually 
made of carbon chrome steel or nickel molyb- 
denum steel in either case, heat-treated to give 
an extremely hard surface with very high resistance 


THIS IS THE STEEL AGE 


to wear. Car body pressings, on the other hand, 
are made of low-carbon mild steel, which has the 
ductility needed for deep-drawing in the pressing 
process. Steel, in one or other of its many 
specifications, is the material on which our whole 
technology depends 

If steel cost ten thousand pounds a ton it 
would probably be known as a ‘miracle’ metal 
But as it’s so inexpensive and plentiful it 
often goes unnoticed. Steel quietly gets 
on with its job of making our life run more 
smoothly 


BRITISH IRON AND STEEL FEDERATION 
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DAO? AAMMER SOARS 





SIZES IN STOCK TO SUIT ALL HAMMERS 


WD 


H.BURBIDGE & SON LTD 
Repetition Wood Turners and Machinists 


BURNSALL ROAD: CANLEY 
COVENTRY 


PHONE 72361-2 
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THREE-PHASE 
FURNACE ELEMENT 


sy ALsaMe-lealel-ie-liela-mee-lalel-MiigelasIe- 10) 00 (ell olo) © 


~ °Siemens-Schuckert 
(Great Britain) 
a 
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Quality Production 


Behind the up-to-date methods of manufacture 
by which Gibbons Refractories are made, 
lie a hundred years of experience and 

research at the Gibbons works, in the 
development of furnace linings of 


the highest heat-resisting qualities. 
\I 


HePONG 


SUPERIOR REFRACTORIES 


H.T.l - ALUMINOUS . FIREBRICK 
SILLIMANITE 





Gibbons (Dudley) Ltd., Dibdale Works, Dudley, Worcs. 


Mow.180 
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Firth Brown 


DIE 
BLOCKS 





Firth Brown die blocks in carbon and 





special alloy steels, annealed and 

heat treated to withstand stress both at 
normal and elevated temperatures, 

are the choice of experienced design and 
production engineers for hot and cold 
extrusion, die casting, hot stamping and 
for the plastics industry 






- 


é— 
Firth Brown 
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BIRLEFCO 





FURNACES 





A mains Frequency furnace of 30 cwt. capacity 
and rated at 450k W. for melting iron and steel 







..--AS PRODUCTION DEMANDS 


Whether your melting equipment is geared for 
batch or continuous production requirements, 
there is a Birlefco furnace to keep the job in hand 
A Birlefco mains frequency furnace, such as that 
illustrated, is equally suited to the production of 
ferrous or non-ferrous materials 

Wherever there’s metal to be melted Biriefco pro- 
vide a unique combination of design experience 
and manufacturing skill, always abreast of new 
trends and new techniques 


Specialists in all types of melting equipment; Arc 
Furnaces from | to 150 tons capacity; Mains 
Frequency and High Frequency Melting Plant from 
10 Ibs. to 20 tons capacity; Induction Heating 
Equipment. 


BIR}EC- EFCO (MELTING) LTD 
Westgate - ALDRIDGE - Staffs 
Telephone: Aldridge 


- 


207 1 


c 
2: 


SM/BE 6506 Af i 
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CONTENTS 


This journal is devoted to metals—ferrous and non-ferrous—their 
manufacture, properties, heat treatment, manipulation, testing and 
protection, with research work and development in all these fields 


A science degree 
NADFS annual banquet, 1961 


Effect of structural changes on the mechanical properties 
of hardenable, creep-resistant 35Ni-15Cr-3W-Ti, Al steel 
LUBOMIR CIZEK, DR. JAROSLAV JEZEK and JOSEF VOBORIL 


Russian forging journal 

Letters 

Study of the die-forging operation in presses 
Evaluating high-strength materials 

Solar furnace for high-temperature research 


The cold extrusion of steel R. A. P. MORGAN, O.B.E., M.1.MECH.E. 


The relatively new field of cold extrusion of steel is surveyed and its 
techniques discussed with many practical examples 


The creep of metals P. FELTHAM, D.SC., F.INST.P. 

Recent advances in experimental techniques, in particular the develop- 
ment of etch-pit and electron transmission micrography, have led to 
appreciable advances in the understanding of the role of dislocations 
in the plasticity of metals. The theoretical basis of the creep of metals 
is reassessed in the light of these observations, and some major problems 
requiring further study are discussed 


Induction heating of forging billets 
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A science degree 


HEN the young graduate in classics or history has to consider his future career, 

ke knows very well that there will be few chances of his finding employment in 

his own field of study. The science graduate, however, is in quite a different 
situation. The demand for qualified men in almost all the scientific professions still exceeds 
the supply and so the choice of career offers no problem. Indeed, it might almost be said 
that increasingly narrow specialization at university or college of technology is tending to 
eliminate choice altogether, and the young specialist trying to enter another field might 
well be looked at askance. 


The shortage of scientific manpower has been with us for so many years now that the 
idea of a possible future surplus is very hard to envisage. Yet this is the conclusion 
reached by the Committee on Scientific Manpower in a statistical assessment of demand 
and supply for the next 10 years. (“The long-term demand for scientific manpower.’ 
H.M.S.O. 1961). According to this report, by 1965 the supply and demand of scientific 
manpower should be in balance, and thereafter a surplus may exist although this may be 
balanced by a slight shortage of technologists. 


In the view of the Committee, the possibility of a surplus of scientists over immediate 
demands should be welcomed. It makes possible a rational use of the scientific disciplines 
and means that at long last Britain would have a supply of qualified manpower with a 
scientific training for management, administration and the professions generally. The 
Committee does not doubt that scientific education will adapt itself to this new prospect, 
and that, just as only a proportion of those trained in the classics have expected to find 
employment in their own fields, an increasing proportion of those trained in specialized 
scientific disciplines will obtain employment outside them. 


The Committee considers that both science and the nation will benefit from this 
adjustment and it believes that the universities are already thinking along these lines. If 
the Committee’s confidence is to be justified, it is essential that the universities should be 
ready to act vigorously before the expected surplus arises. Modifications in the training 
of chemists and physicists such as have already been suggested by the universities or by 
professional institutions could go far to correct the narrowness and rigidity of training 
which limit the employability of a scientist or technologist trained in a particular discipline. 
Colleges of technology, perhaps even more than the universities, will have a difficult task 
to balance the demands of industry for training in particular techniques, with the need 
for a broad general scientific background. 


Assuming the surplus, and assuming the reorientation in education, will, in fact, the 
employer be willing to try the experiment of using science graduates in other occupations ? 
It is not solely the reluctance of scientists and technologists to take up administrative 
appointments that has led to their scarcity in these posts. It is as much, and possibly 
even more, due to the unwillingness of firms to give such opportunities to a scientist or 
technologist. The persistent belief that a person trained in a scientific discipline is 
inherently unfit for management responsibilities, is a prejudice that dies hard. Educational 
improvements, management training courses and so on are necessary, but it is even more 
necessary to educate public opinion in order to overcome this prejudice. Only in this 
way will the full advantage of the scientific viewpoint in the commercial and industrial 
world be realized. 
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Personalities seen at the NADFS 

annual dinner held at Birmingham on 
November 2 (names read left to 

right 


1 Rt. Hon. Lord Mills, K.B.£., 
Minister without Portfolio, and the 
president, Mr. S. Johnson 


2 Mr. L. R. Clements, Mr. F. 
Mitchell, }.P. (chairman, the Midland 
Forgemasters Association), and 


Mr. H. M. H. Fox 


3 Mr. J. H. Swain, past president, 
Mr. D. W. Turner, }.P. (member of the 
Executive Committee of the 

British Iron & Steel Federation), and 
Mr. R. Bennett, past president 


4 The president, Mr. A. F. Kelley 
(Rolls-Royce Limited), Mr. R. Steel, 
and Mr. G. W. Richards 
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Effect of structural changes on the 


mechanical properties of hardenable, 
creep-resistant 35Ni-15Cr-3W-Ti, Al steel 


LUBOMIR CIZEK, DR. JAROSLAV JEZEK and JOSEF VOBOR/L 


Structural and mechanical tests on hardenable creep-resistant 35Ni-15Cr-3W-T1, 
Al steel were carried out by the authors of the Research Institute for Materials and 
Technology, Prague, and reported in Hutnické Listy, 1961, (9) 


REFERENCE has already been made in an earlier 
paper to the properties of creep-resistant steel 
Poldi AKRN.' It was then established that the 
excellent resistance of this steel to creep and 
relaxation, in addition to its other properties, makes 
possible its relatively wide application for structural 
components operating at temperatures around 
650-675°C., and for components subject to less 
severe loads even up to a temperature of 700°C. At 
the present time, its producion has been developed 
to the extent that it has been possible to proceed to 
its use for steam turbine blades. The exceptionally 
good relaxation resistance ranks this steel among 
the best materials for bolts. 

On these grounds, in our earlier papers?» * we 
have devoted attention to the structural changes 
which take place in this steel during heat treatment 
and under load in service, with the aim of deter- 
mining the relationship between the structure and 
the properties of this steel and of other similar 
materials. 


Steel composition 

The basis of steel AKRN is formed by iron together 
with 35%, Ni, 15% Cr and 3% W. Precipitation 
hardening is made possible by the addition of Ti 
in a quantity of about 1-5°,,, and some part is also 
played by aluminium, which passes into the steel 
during steelmaking in a small quantity of up to 
about 0-5%,. 

No equilibrium diagrams for this type of steel, 
which might be able to give some idea of the 
structure, are available at present. The structural 
proportions can only be judged from the simpler 
Ni-Cr-Ti, Ni-Cr-Al and Ni-Ti-Al ternary dia- 
grams, and from the pseudo-ternary Ni-Cr-Ti-Al 
diagram, compiled by Taylor and Floyd*’ for 


Nimonic alloys. The steel under investigation 
differs from these alloys through the fact that part 
of the chromium and the greater part of the nickel 
are replaced by iron, and there is a smaller quantity 
of tungsten. As Taylor* showed, partial replace- 
ment of the chromium by iron has very little 
influence on the structure, and the Ni-Cr-Fe-Al-Ti 
system differs only little from that previously 
mentioned. Likewise partial replacement of the 
nickel by iron is not manifested by any qualitative 
difference in the relative diagrams,’ and finally 
Korniloy and his collaborators'® showed that 
substantial changes also cannot be expected from 
the addition of a small quantity of W. As a comment 
on the results of the authors mentioned, however, 
it should be observed that the conclusions follow- 
ing from them are valid only from the aspect of 
the existence of corresponding equilibrium phases 
within a whole complex of similar alloys. In 
contemporary papers,"' it is shown that the exact 
course of the boundaries of the phase regions 
differs for the individual alloys, and in this regard 
it is impossible to apply without discrimination the 
approximation stated above. 

For our purpose of a preliminary assessment of 
the possible phases, however, on the basis of the 
papers mentioned, we can expect that the struc- 
tural proportions of AKRN steel will be similar to 
those of Ni-Cr-Ti-Al alloys of the Nimonic type. 
This implies that, in addition to the basic y solid 
solution, the presence is also possible of the y’-phase 
with a basic composition Ni,Al, having a face- 
centred, cubic lattice, the parameters of which 
differ only slightly from the parameters of the y solid 
solution. This phase can dissolve titanium, so that 
its formula can be written as Ni,(Al, Ti). Here up 
to three-fifths of the atoms of aluminium can be 
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replaced by atoms of titanium. By this substitution 
of aluminium atoms by titanium atoms the dif- 
ference between the parameters of the y and y 
lattices is increased, which is favourably manifested 
after hardening in the resistance of the alloy to 
creep. Ifthe ratio of Ti to Al is increased above the 
solubility limit of titanium in the Ni,Al phase, the 
hexagonal 7-phase starts to appear in the structure, 
the stoichiometric composition of which, Ni,Ti, 
remains constant. The phase mentioned brings 
about hardening of alloys of the Nimonic type. 
According to papers by Soviet authors,’ in addi- 
tion further elements dissolve in the Ni,Al phase, so 
that its formula may be written as (Ni, Cr), 
(Al, Ti, Mo, W). In our steel a small quantity of 
iron can also dissolve in this phase.” 

Apart from the hardening phases, y’ and », in the 
structure carbides may be expected, namely in 
particular TiC and Cr,C, or Cr.,C,, or complex 
M,C, and M,C, carbides. In addition, in similar 
alloys further phases have been found, such as 
intermetallic Laves phases of the type A,B, the 
G phase," the N phase of the type Al,A,B,” and 
finally the o-phase, the deposition of which can occur 
in the vicinity of the precipitates as a consequence of 
local impoverishment of the background solution in 
nickel. These phases do not take part in the harden- 
ing of the alloys investigated, since they precipitate 
predominantly at the grain boundaries, but pre- 
cisely this circumstance can have a distinct in- 
fluence on the resistance of these alloys to deforma- 
tion at high temperatures.'* 
Effect of precipitation on 
mechanical properties 

The first stage in the heat treatment of harden- 
able alloys is solution heat treatment, the purpose 
of which is the transfer of the hardening phases 
into the solid solution and the removal of work 
hardening afer preceding mechanical working. 
During solution heat treatment grain growth also 
occurs, which is the limiting factor for the choice of 
the temperature and time of the solution heat 
treatment. 

During research into the most suitable solution 
heat treatment for AKRN steel, it was established that 
work hardening is removed by heating at tempera- 
tures above 1,050°C., while, at the same time, the 
intermetallic phases are also dissolved after two 
hours’ heating above this temperature. By creep 
tensile tests, it was shown that the maximum times 
until fracture are reached by specimens which 
have been subjected to two hours’ heating at a 
temperature of 1,150°C. 

After quenching from the solution treatment 
temperature, we ob*ain a supersaturated gamma 
solid solution in which are located TiC carbides 
which have not been dissolved during heating. The 
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steel has low hardness, tensile strength and yield 
strength values, but high elongation, reduction in 
area and notch impact strength values. For a melt, 
for instance, which contained 2:5°, Ti, after 
solution heat treatment (1,150°C., 2 h., water) we 
obzained the following values: Hp 140, u.t.s. 
62 kg./mm.*, y.p. 25 kg./mm.*, 8 = 45° 65° 
notch impact strength 
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22 kg.m./cm.? 
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Hardening curves of the type AKRN alloy containing 
5% Ti 
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3 Tensile strength and yield strength curves during the 
hardening of AKRN steel 
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In the second stage of heat treatment, i.e. during 
precipitation heat treatment, considerable changes 
in hardness occur in relation to the temperature 
and time of heat treatment. In fig. 1 are shown the 
hardening curves for a melt containing 2-15°;, Ti. 
In consequence of the fairly high Ti content in this 
melt, hardening occurs over a wide range of tem- 
peratures. The hardening curves follow normal 
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4 Elongation and reduction in area curves during the 
hardening of AKRN steel 
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5 Notch impact strength curves during the hardening of 
AKRN steel 
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6 Hardness curves for the hardening of AKRN steel at a 
temperature of 700°C. after solution heat treatment at 
temoeratures of 850-1,300°C. 
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laws, for the rate of hardening decreases as a func- 
tion of temperature, and the hardness maximum is 
displaced towards shorter periods as a function of 
temperature. The hardness maximum for this melt 
reaches a value of 320 Hy. In fig. 2 are shown the 
hardness values attained after a constant time of 
10 h. and at different temperatures for three melts 
with different Ti contents. From this figure may 
be seen the relationship between the hardening 
sequence and the Ti content of the alloy; whereas 
for the melt containing 2-15°,, Ti at 800°C., a hard- 
ness very close to the maximum is reached, and at 
850°C. signs of hardening are still apparent, the 
steel containing 1-05°,, Ti already remains com- 
pletely unhardened at these temperatures. It is 
evident that with the decreasing Ti content the 
maximum attainable hardness is displaced towards 
lower temperatures. From this the conclusion 
follows that the hardening temperature should be 
adapted to the Ti content of the alloy. 

Fig. 3 shows the ultimate tensile strength and 
yield strength curves for the melt containing 2- 15°, 
Ti. It is evident that during precipitation hardening 
the ultimate tensile strength increases from the 
original 62 to 108 kg./mm.* and the yield strength 
from 25 to more than 79 kg./mm.” By their position 
the maxima of these curves roughly correspond to 
the maximum on the hardness curves. The elonga- 
tion and reduction in area fall in accordance with 
the increasing tensile strength (fig. 4). Overageing, 
which commences at 700°C. after about 100 h., is 
here characterized by the start of a fall in the 
elongation and a rise in the reduction in area. Events 
are similar at 800°C. The notch impact strength 
(fig. 5) decreases at all temperatures right from the 
start of precipitation heat treatment, and its initial 
drop is all the greater the higher is the temperature 
of this heat treatment. This decrease in notch 
impact strength is evidence of local reactions at 
the grain boundaries, since it is known that even a 
small quantity of a phase which is formed by local 
precipitation at the grain boundaries brings about 
considerable embrittlement. 

The melt mentioned with the higher Ti content 
revealed an especially marked drop in notch impact 
strength, the values of which fell from the original 
22 kg.m./cm.* after 5,000 h. heat treatment to 
about 4 kg.m./cm.* at all precipitation treatment 
temperatures. For melts with a lower Ti content the 
ultimate tensile strength and yield point attain lower 
maximum values after hardening, just as applied 
to the hardness. On the contrary, the elongation, 
reduction in area and notch impact strength have 
higher values. The melt with a low content of 
1-04°,, Ti, for instance, has a maximum tensile 
strength of 69 kg./mm.* and a yield strength of 
40 kg./mm.* with elongation 32°, and reduction 
in area 54°(,, while the notch impact strength is 
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d e f 
7 Local precipitation of the carbide Cr;C, at the grain boundaries after solution heat treatment at 1,150°C. for 2 h. with 
quenching in water; a, d: 600°C., 2 h.; b, e: 600°C., 1,000 h.; c, f: 650°C., 1,000 h.; a, b, c: optical micrographs 500; 


d, e, f: extraction replicas 10,000 


11 kg.m.jcm.? For the melt containing 1:6°, Ti 
the tensile strength after precipitation hardening is 
92 kg./mm.?, the yield strength 54 kg./mm.’, the 
elongation 26°,,, the reduction in area 45°,, and the 
notch impact strength 9-5 kg.m./cm.? 

The results presented were obtained from speci- 
mens which were subjected to solution heat treat- 
ment at 1,150°C. for 2 h. with quenching in water 
before precipitation hardening. Similar batches of 
specimens showed, however, that the overall 
character of the curves obtained is unchanged if 
the solution heat treatment is carried out at any 
desired temperature between 1,050 and 1,200°C. 
(fig. 6). 


Changes in structure during precipitation 
hardening 

In order to investigate the changes taking place 
in the structure of AKRN steel during precipitation 
hardening, we employed optical and electron 


microscopy, X-ray and electron-microscope struc- 
tural analyses and differential thermal analysis. The 
specimens for this part of the work were subjected 
to solution heat treatment at temperatures of 1,050, 
1,150, 1,200 and 1,300°C. for a period of 2 h. and 
were quenched in water. They were precipitation 
hardened at 600, 650, 700, 750, 800 and 850°C. for 
from | to 1,000, and in some instances up to 5,000 h. 
After heat treatment, the specimens were mechani- 
cally polished and etched chemically in a mixture of 
92 ml. HCl, 3 ml. HNO, and 5 ml. H,SO,, or elec- 
trolytically in a 10°, solution of chromic acid in 
water. As the preparation technique for observation 
in the electron microscope we used collodion 
extraction replicas.’ Individual phases were 
established by X-ray structural analysis with the 
use of mono-chromatic CrK« radia*ion, and 
namely on isolates which were obtained by electro- 
lytic isolation in an electrolyte based on citric 
acid.'* When it was a matter of analysis of extremely 
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8 Precipitation of the fibrous titanium carbide (solution heat treatment at 1,150°C. for 2 h. with quenching in water 
a, b: 


700°C., 200 h.; e: 700°C., 1,000 h.; extraction replicas: 





a 
phase: a: 750°C., 200 h.; b: 750°C., 1,000 h.; ce: 800°C., 5,000 A.; 


9 Precipitation of the > 


fine phases visible on the electron micrographs, for 
their analysis we used electron diffraction on par- 
ticles captured on the extraction replica, or a large 
number of these replicas were used for the prepara- 
tion of a composite specimen for X-ray structural 
analysis. In certain instances, for comparison, 
analysis was carried out by electron diffraction of 
the fine particles directly on the surface of the 
metallographic specimen. 

By these methods it was possible to detect in the 
structure several processes which we shall describe 
below. 

(a) Precipitation of chromium carbide at the grain 
boundaries. In figs. 7a-f it is shown that in the 
matrix of the specimens subjected to precipitation 
heat treatment at a temperature of 600-650°C. no 
visible precipitates are manifested. But even from 
the optical microstructures it is apparent that at the 
grain boundaries processes are occurring which are 
revealed by the formation of strips along the grain 


a 
e 


10,000; ¢: 20,000 





b c 
optical micrographs 500 
boundaries which have different etchability. The 


electron micrographs show that it is a matter of 
local precipitation of fine particles. These particles 
gradually increase in size with the increasing 
temperature and time of heat treatment and acquire 
characteristic shapes which are typical of chromium 
carbide. By structural analysis of these particles 
isolated from the matrix it was established that 
it was a matter of the carbide Cr,C,. 

(b) Precipitation of the fibrous titamium carbide. 
At heating temperatures of 650-700°C., in addition 
to the particles at the grain boundaries, in the 
matrix there is the start of precipitation of fibrous 
precipitates, which at the outset are at the limit of 
the power of resolution of the electron microscope 
employed and later grow into visible needles 
(figs. 8a-c). In this later stage they are already 
accompanied also by a globular precipitate. By 
repeated electron diffraction on the extraction 
replicas and on the compounded specimens, it was 
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10 Precipitation of the 1 phase (solution heat treatment 1,300°C. for 2 h. with quenching in water): a: 800°C., 500 h.; 
b: 800°C., 1,000 h.; ¢: 800°C., 2,000 h. Optical micrographs 500 


correspondingly shown that the diffraction lines TABLE 1 Structural analysis of particles on the extraction 
obtained can be attributed to the carbide TiC, or "eP lca of the specimen in fig. 8c 

the carbonitride Ti(C,N), and the y’ phase. The Interplanar distances, d A 

relevant analysis is given in table 1. The precipita- P 

tion of the carbide phase is not homogeneous within SE ah F Tabulated for ay 

the whole of the matrix, since it starts preferentially y'-phase Tic 

in the vicinity of the grains of primary TiC carbides, ) 














and at other individual points, which were probably 2-52 2-54 
enriched in titanium during the solution heat ier = 
treatment. 2-07 2-07 
This result is in agreement with the morpho- 1-81 1-80 
logical and structural findings of earlier authors who 1-60 1-60 
discovered a similar phase in austenitic, stainless Be 1-46 1-52 
steels stabilized with titanium or niobium.'*-* 1-30 1-30 
(c) Precipitation of intermetallic compounds. In 1-27 1-265 
the structure of the specimens heated at 700 and 1-24 1:24 





750°C. a globular phase is manifested, the quantity 

and size of which increases with temperature and established that this is the y’ phase of composition 
time (figs. 9a-f). By X-ray structural analysis of the Ni,(Al,Ti). The electron micrographs show that 
isolates and extraction replicas it was consistently in a considerable proportion of the particles of the 
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11 Recrystalli- 
zation: Solu- 
tion heat 
treatment: 
1,050°C., 2 h., 
quenching in 
water; precipt- 
tation heat 
treatment : 
800°C., 

1,000 A. 
Optical micro- 
graph 500 
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13. Diagram of the sequence of thermal analysis 


12 Progress of recrystallization: Solution heat treatment: 1,300°C., 2 h., water; precipitation heat treatment: a: 750°C., 


5 h.; b: 850°C., 100 h.; ce: 850°C., 1,000 A. Optical micrographs 


phase ordering along definite crystallographic 
planes is apparent. On the basis of this fact we 
judge it to be possible that the y’ phase is precipi- 
tated at this time stage preferentially in definite 
crystallographic planes in the shape of coherent 
platelets, which at a later stage after loss of coher- 
ence will break down into individual globules. The 
orientation of these globular particles then pre- 
serves the form of the original platelets, as is 
especially clearly shown by fig. 9c, on which the 
direction of the platelets is oriented at right angles 
to the plane of polish. We consider that this phe- 
nomenon is dependent on the kinetics of the 
precipitation of the y’ and 7 phases, as Soviet 
authors have mentioned.” We shall concern 
ourselves with the details of this phenomenon in a 
separate paper. 

After long-term heating at higher temperatures 
above 750°C. in the advanced stage of overageing in 
the structure further phases are manifested in the 


< 500 


form of lamellae distributed in certain crystallo- 
graphic planes of the matrix (figs. 10a-c). This is 
the hexagonal »-phase having the composition 
Ni, Ti. 

(d) *Recrystallization.’ During a prolonged period 
of ageing at temperatures over 800°C. a remarkable 
phenomenon occurs. This is characterized by the 
formation of a mixture of two phases, which is 
reminiscent of lamellar pearlite (fig. 11). By X-ray 
structural analysis it was established that it is a 
matter of an equilibrium y and » phase. According 
to Geisler® it is possible to consider this discon- 
tinuous (microscopically inhomogeneous) precipita- 
tion as recrystallization, which leads to a reduction 
in the free energy of the stressed ma*rix. During 
normal precipitation, likewise, the free energy of 
the system as a whole, of course, decreases, but the 
free energy of the matrix remains high as a con- 
sequence of the plastic deformations brought about 
by the growth of the precipitate. As soon as the 
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14 Curves of the properties of AKRN steel during long-term 
heating at a temperature of 650°C. 


energy of the matrix attains a value sufficient for 


the nucleation of new grains which are devoid of 


plastic deformation the recrystallization process 
starts to take place. This event starts at the grain 
boundaries where the energy of the matrix is 
highest as a result of the primary local precipitation. 
The growth of the new grains of the lamellar 
mixture leads to a reduction in the free energy 


of the matrix and of the whole system, regardless of 


the fact that at the front of the growing grain 
dissolution of the precipitate deposited earlier must 
occur. If the specimen is at the relevant tempera- 
ture for the required time, recrystallization extends 
to the whole volume of the matrix (figs. 12a-c). 

e) K structure. Apart from the events which lead 
to visible changes in the structure, at low pre- 
cipitation-treatment temperatures an arrangement 
of the atoms in the la*tice takes place, linked with 
the formation of a so-called K structure. Detection 
of this phenomenon can be carried out by thermal 
analysis, which shows very sensitively all changes 
in the structure during heating and cooling. In our 
work, for differential thermal analysis, we used the 
method and equipment which have already been 
described earlier.™ 

The sequence of the changes was investigated on 
specimens hardened at 700°C. for 10 h. and at 
750°C. for 25 h. after solution heat treatment at 
1,050 and 1,150°C. for 2 h. with quenching in 
water. Heating for the thermal analysis was carried 
out at a rate of 10°C./min. and cooling at 
6-7°C./min. Heating proceeded up to a tem- 
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perature of 1,300°C., and after subsequent cooling 
additional cycles of thermal analysis were also car- 
ried out on the same specimens. 

A plot of the recorded temperatures is shown in 
fig. 13. Curve 1 represents the plot of the tem- 
perature of the calibration standard, curve 2 the 
plot of the temperature of the specimen, and curve 
3 gives the difference between the temperature of 
the standard and that of the specimen. During 
analysis of the curves obtained, it is, of course, 
necessary to bear in mind that during precipitation 
processes a very important part is played by time, 
so that the results of differential thermal analysis 
cannot present us with accurate information con- 
cerning the real temperatures of the start of the 
individual s*ructural changes since these results are 
influenced by the heating and cooling rates. It is 
shown that the first endothermic change starts at 
180-230°C. (point A), and this both for the speci- 
mens which were hardened (Ist cycle of thermal 
analysis) and also for the specimens which were 
freely cooled (2nd cycle of thermal analysis). This 
change is characterized by the large quantity of heat 
absorbed, and its end was found with fairly con- 
siderable fluctuation around a temperature of 
450°C. 
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In this connection, it is necessary to point out 
that in Nimonic. alloys a pre-precipitation stage 
was found, which was linked with the formation of 
Guinier-Preston zones, just in the same way as in 
light alloys. Livshits et a/.%* showed that in these 
alloys after gradual cooling there occurs a trans- 
formation of the disordered solid solution existing 
at high temperatures into an ordered solid solution, 
named by Thomas the K structure. During heating, 
on the contrary, transition of the ordered structure 
into a disordered one takes place, which is linked 
with heat absorption. But if a specimen is rapidly 
cooled from the solution heat-treatment tempera- 
ture, the disordered solid solution remains pre- 
served, and during heating formation of a K struc- 
ture (liberation of heat) takes place first of all, and 
then during subsequent heating the transformation 
to a disordered solid solution (heat absorption) 
once again occurs. This explanation can also be 
accepted for clarification of the process which takes 
place in the steel under study during heating at low 
temperatures. 

This was also confirmed by a further experiment, 
during which differential thermal analysis was used 
on specimens which were quenched in water after 
two hours’ solution heat treatment at a temperature 
of 1,050 or 1,150°C. On the relevant curves an 
exothermic reaction was first of all revealed, charac- 
teristic of the formation of a K structure, after 
which there immediately followed an endothermic 
reaction, thus manifesting the formation of a 
disordered solution. 


Relationship between structural changes and 
mechanical properties 

From a comparison of the changes in the mechani- 
cal properties during hardening with the changes 
observed in the structure certain relationships 
follow. In the first period of precipitation harden- 
ing, when the hardness, tensile strength and yield 
point increase, we do not observe any changes in 
the matrix even with the use of an electron micro- 
scope with a power of resolution of about 100 A. It 
may be suggested that the hardening is a result of 
the effect of coherent formations of hardening 
phases, which by the methods used are visible until 
after the loss of coherence with the basic solid 
solution. We observe formation of the 7’ phase on 
the replicas roughly at the point where the hardness, 
tensile strength and yield point curves pass through 
maxima. Formations of the »-phase are manifested 
in the structure long after the hardness maximum 
is reached; for instance, after solution heat treat- 
ment at 1,150°C. for 2 h. and quenching in water 
and precipitation hardening at 800°C. this phase is 
manifested even after 5,000 h. 

On this basis we judge that the main hardening 
factor should be considered to be the precipitation 
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phase y’-Ni,(Al,Ti). Even though from the 
experiments carried out it is impossible to provide 
convincing proof of how far the mechanical proper- 
ties of the steel are influenced by this phase in the 
period which precedes its resolution by the electron 
microscope, it may be assumed that its action is not 
marked in this instance since, even in this period, a 
substantial reduction in the resistance of the steel to 
deformation takes place. The favourable action 
of the increasing Ti content on the precipitation 
hardening of the steel would them imply above all 
an effect on the lattice parameter of the phase 
Ni,(Al,Ti) in the direction of a greater difference 
between its parameters and that of the basic solid 
solution and thereby, too, an increase in the 
hardening ac*ion of the coherent y’ phase. L.ike- 
wise precipitation of the v, phase, being a product of 
recrystallization, is not manifested in the course of 
the hardening curves. 

Concerning the fibrous precipitate Ti(C,N), it is 
difficult to establish to what extent it participates in 
the hardening of the matrix since it is precipitated 
simultaneously with the y’ phase. But it may be 
assumed that it does not play a special part owing 
to the fact that it is not precipitated homogeneously, 
but predominan*ly at points enriched in titanium. 

The continuous fall in the notch impact strength 
from the very start of the precipitation heat treat- 
ment must be attributed to local precipitation of 
carbide phases at the grain boundaries. 


Changes in mechanical properties during 
long-term heating at operational temperature 

During precipitation hardening in accordance 
with the production technique, the cycle is kept as 
short as possible on economic grounds, and maxi- 
mum hardness values are not reached. Precipita*ion 
hardening also proceeds further in service, and 
sooner or later, according to the temperature level, 
a maximum is reached which is dependent on the 
titanium content. Jointly with the hardness, there is 
an increase in the tensile strength and yield strength. 
At an operational temperature of 650°C. the steel 
under test reaches maximum hardness, tensile 
strength and yield strength after a period of 
10,000 h., and neither the elongation nor the 
reduction in area are changed (fig. 14). The notch 
impact strength shows a moderate drop, which is a 
sign of the structural changes taking place at these 
operational temperatures, i.e. mainly continuing 
precipitation at the grain boundaries. In the 
instance mentioned, the drop in notch impact 
strength is small, since as a result of the high Ti 
content (2-15°,,) the initial values are already low. 
In the melt con*aining 1-05°,, Ti this drop is more 
marked, for after 5,000 h. at a temperature of 650°C. 
the notch impact strength drops from 11 to 8 
kg.m./cm.* It may be judged that the steel investi- 
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gated is sufficiently stable during long-term service 
at a temperature of 650°C. and still has satisfactory 
notch impact strength values. At higher tempera- 
tures overageing takes place, which is linked with a 
reduction in the resistance to deformation. At 
700°C. there is a drop in hardness even after 100 h. 


Changes in properties after overheating 

If, in service, a short-term increase in the tem- 
perature takes place (during sudden overheating or 
on technological grounds, such as brazing or 
welding) a reduction in hardness and an increase 
in notch impact strength of the tested steel ensue, as 
evidence that partial dissolution of the hardening 
phase took place. During subsequent heating at the 
operational temperature precipitation hardening 
again takes place, the rate of which is dependent on 
the excess hea“ing temperature and the temperature 
of the new precipitation hardening. 

In order to establish the time required for com- 
plete precipi‘a‘ion hardening of overheated speci- 
mens we proceeded as follows. A specimen origi- 
nally hardened (1,150°C./2 h./water—780°C., 10 h. 
—750°C., 25 h.) was held for the first 500 h. at a 
temperature of 650°C. Within this period additional 
precipitation hardening took place, and then the 
hardness remained constant. After 500 h. the 
specimens were artificially overheated at 850°C. for 
5 h. and cooled in air, so that a substantial reduction 
in hardness and increase in notch impact strength 
resulted. During subsequent hea*ing at the opera- 
tional temperature of 650°C. the specimens regained 
the original hardness after 300 h. If after this time 
further overheating follows, the specimen can again 
be hardened at 650°C. to the original hardness. 
Exactly the same thing happened during a further, 
third cycle. 

This original hardness can be attained after 300 h. 
at a temperature of 650°C. even on specimens over- 
heated for 5 h. at a temperature of 950°C. (fig. 15). 

By structural analysis it was found that during 
overhea’ing of hardened (or re-aged) specimens 
dissolution of small particles of the y’ phase takes 
place with simultaneous growth of the large, 
more stable particles. During subsequent treatment 
at the low (opera*ional) temperature, hardening 
occurs as a result of precipitation of the y phase, 
which is partly made possible by the preceding 
dissolution of the y’ particles, but primarily implies 
further impoverishment of the solid solution in 
hardening components. Evidence of this was 
especially provided by the results of tests whereby it 
was established whether on overheated material the 
original creep tensile strength is again reached 
simultaneously with the original hardness. For 


this purpose, a number of tests were carried out at 
650°C. and a stress of 35-30 and 25 kg..mm.* This 
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was done both on specimens hardened at 750°C. for 
10 h. and overheated for 5 h. at temperatures of 
850, 900 and 950°C., on the one hand without 
further hardening, and on the other hand hardened 
at a temperature of 650°C. for a period of 300 h., 
i.e. to the original hardness. 

The results of the experiments are shown in 
fig. 16. It is shown that specimens overheated and 
again hardened collectively reveal shorter periods 
until fracture than specimens not overheated, in 
evidence of the fact that by overheating and 
renewed hardening without solution heat treatment 
the basic solid solution is impoverished in the 
hardening component, the precipita*ion of which 
in the normal instance favourably influences the 
creep resistance at high temperatures. 

The continuous drop in the notch impact 
strength from the very start of precipitation heat 
treatment must be attributed to local precipitation 
of carbide phases at the grain boundaries. 


Conclusions 

Structural and mechanical tests on hardenable, 
creep-resistant 35Ni-15Cr-3W-Ti,Al show that the 
hardening of this steel is linked primarily with the 
precipitation of the phase of composition 
Ni,(Ti,Al). Another intermetallic phase of com- 
position Ni,Ti is manifested in the structure at an 
advanced stage of overageing, and its formation is 
not manifested on the curves expressing resistance to 
deformation. In the time period of precipita’ion, in 
the structure particles are manifested of the fibrous 
carbide or carbo-nitride Ti(C,N), which is pre- 
cipitated primarily in areas enriched in titanium. 
At the grain boundaries local precipitation of the 
chromium carbide, Cr,C,, takes place. 

By tests on overheated specimens it was once 
again confirmed that the high hardness of harden- 
able alloys still does not ensure their good creep 
resistance. Overheated specimens, which have 
again been hardened without further solution heat 
treatment, will indeed reach the same hardness as 
specimens which have not been overheated, but 
have a low creep tensile strength, since by this 
process the basic solid solution is impoverished in 
the hardening component. 

The good structural stability of this steel at tem- 
peratures around 650°C. for which it is primarily 
intended, permits its long-term use for the purposes 
of stationary heat engines. 
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Russian forging journal 


Abstracts from the Russian forging journal— Kuz- 
nechno - Shtampovochnoe Proizvodstvo, March, 
1961, 3. This ts the third year of this journal devoted 
specifically to forging. Short abstracts of the more 
important articles are given in METAL TREATMENT 
each month. 


Effect of the deformation conditions and of the sub- 
sequent heat treatment on the properties of EI 437B 
alloy. M. YA. DZUGUTOV and B. F. VAKHTANOV. 
Pp. 3-7. 

The highest and most stable properties of this 
heat-resistant steel are obtained after heating at 
1,0€0°C. for 8 h. and at 750°C. for 16 h. Best 
mecharical properties are obtained after deforma- 
tion between 1,C00 and 1,1C0°C. and the greatest 
creep resistance after deformation at 1,160°C. 


Calculation of the temperature of the flash during 
hot stamping on presses. E. A. SONKIN. Pp. 8-9. 
Analytical calculation of this temperature makes it 
possible to carry out even more confidently the 
develcpment of technological processes of hot 
stamping on presses and to design the dies. Cal- 
culations of the temperature of the flash also make 
it possible to throw light again on problems of the 
effect of its thickness on the choice of the power of 
presses and on the working life of the dies. 


The use of a new steel for blanking dies to increase 
their life. V. 1. ZALESSKI, F. P. MIKHALENKO and 
V. V. GUBAREV. Pp. 9-16. 
Tests are described of the working lives of dies 
made of various steels. 


Some problems of vibration working of metal with 
restriction of speed. M. YA. KARNOV. Pp. 16-18. 
A cor parison is made of the results of forging on 
vibration and conventional presses, and of their 
different effects on structure and mechanical 
properties. 


Increasing the accuracy of the determination of the 
force required for the compression of forgings. 
E. N. MOSHNIN and N. M. ZOLOTUKHIN. Pp. 18-19. 
With reference to the authors’ earlier article 
(Kuznechno-Shtampovochnoe Proizvodstvo, 1960, 2, 
No. 6), corrections are now suggested to increase 
the accuracy of determina*ion of the mean tem- 
perature of a forging of over 15 tons, where the 
cooling conditions are no longer regular, and the 
tempera*ure of the centre of the forging remains 
relatively constant. Correction factor values are 
given for the equations derived in the earlier 


article. Care should also be taken in the measure- 
ment of surface temperatures with optical pyro- 
meters, since the presence of even a slight layer of 
scale at the point of measurement may lead to an 
error of up to 150°C. in the temperature value 
recorded. 


Forging and stamping cast iron. S$. 1. KLYUCHNIKOV. 
Pp. 19-22. 

Experiments described show that white cast iron 
can be forged to manufacture tools and other 
components in the temperature range 1,050-850°C. 
In view of the limited capacity to compress and 
draw the material in any one pass, the use of 
repeated heating periods is essential. It is expedient 
to use special forging cast irons for the manufacture 
of components of complicated outline, when 
accurate dimensions can be obtained and the 
annealing cycle after machining can be shortened. It 
is a feasible possibility to produce pinions, discs and 
other hot stampings, especially from S.G. high- 
strength irons. The method of liquid stamping 
may also be employed, and this produces an even 
greater improvement in mechanical properties than 
ordinary forging and stamping. (Liquid stamping, 
a process developed in the ussR, consists of four 
stages: gravity pouring of the metal into an open 
metal mould; pressing of the liquid metal during 
which shaping and solidification take place; holding 
of the mechanically worked metal in the die, ini- 
tially used as the mould, when the ram is gripped by 
the metal due to shrinkage of the latter; and with- 
drawal of the finished components from the die or 
mould, when it is stripped from the ram. 
Abstractor.) 


Determination of the dynamic loads on the camshaft 
mechanisis of vibratory-type cold upsetting machines. 
YU. A. MIROPOL’SKI. Pp. 23-26. 

In a similar manner to the author’s earlier article 
Kuznechno-Shtampovochnoe Proizvodstvo, 1960, No. 
8) calculation methods are derived from cold 
upsetting machines, whose pusher arms carry out a 
vibratory movement. 


Multi-position forging presses. L. A. PRISHCHEPIONOK. 
Pp. 27-30. 

Twenty 400-ton presses built by the Barnaul’sk 
Works are described, with dimensions and operat- 
ing characteristics. 


Determination of the loads on the components of the 


continued on page 444 
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Note on scaling of steel 


siR : In the article, ‘Observations concerning the 
structure of scale, and the mechanism of formation 
during the heating of steel,’ by Sten Modin and 
Erik Thelander (METAL TREATMENT, July, 1961, 
from the original Swedish, fernkontorets Annaler, 
November, 1960), the authors state on p. 262 that: 
“No gas analyses were made in relation to the furnace 
atmosphere.’ This was unfortunate for it would 
seem that an opportunity was missed to relate the 
different scaling characteristics in an oil-fired 
furnace and in the atmospheric air, electric furnace 
to the respective differences in oxidizing potential 
of the two atmospheres. 

It is likely that the products of combustion from 
the oil firing would contain certain sulphur com- 
pounds (SO, or H,S, depending on the oxidizing 
potential) which would undoubtedly influence the 
nature of scaling. It is well known that the presence 
of complex, low melting-point, oxide sulphide 
eutectics at the metal scale interface can cause local 
fusion within the scale leading to the formation of 
bright, shiny areas as indicated in figs. 3a and 3b 
on p. 264, 

The varied appearances of the scale produced 
by heating in an oil-fired furnace would seem to be 
related to the oxygen/sulphur concentration at the 
steel surfaces, such that a low oxygen potential 
would give a sparkling, crystalline surface (cf. 
fig. 3b, p. 264, representing a test-piece placed on 
the side of the furnace opposite the burner) and 
a higher oxygen potential would give a shiny, 
almost smooth surface (cf. fig. 3a, p. 264, represent- 
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clamping mechanism of a 
Vv. G. MIRONOV. Pp. 30-32. 
Research into these loads leads to recommendations 
for their reduction by improved design. 


forging mamipulator. 


Choice of the source of energy for heating forgings in 
forge and stamp shops. (An assessment.) V. N. 
GLUSHKOV. Pp. 33-35. 


A combined hydraulic press installation. P. D. 
MOKHOV, I. F. KAPLENKOV and S. F. MARGOLIN. 
Pp. 35-36. 

The 600-ton hydraulic press installation for pro- 
ducing automobile frame members at the Minsk 
automobile works is described. 
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ing a test-piece placed on the burner side of the 
furnace). 


Recent unpublished work by the writer, on the 
relationship between furnace atmosphere and 
sulphur content of scales formed on steel, tends to 
confirm the above opinion. 


R. ROLLS 


The Manchester College of Science Technology, 
Department of Chemical Engineering, 

Fuel Technology and Metallurgy 

September, 1961 


Author’s reply 


I have read Mr. Rolls’ remarks with great 
interest and I can answer that experiments with 
varied furnace atmospheres are planned by us but 
it has not yet been possible to get them started. 
Mr. Modin and I have stated in our first report 
that further experiments were planned and will be 
reported on later as the results are available. 


It will be of great interest to know the effect of 
the sulphur content in the furnace atmosphere on 
the scale appearance, which Mr. Rolls writes about. 


ERIK THOLANDER 


Sveriges Mekanférbund, 
Eskilstuna, Sweden 
September, 1961 


New designs of blanking dies for forgings produced 
on crank-drive hot forging presses. D. E. SHAPOSH- 
NIKOV. Pp. 36-38. 


Stamped separators of roller guides. £. M. GIL’DINSON 
and A. M. GRUNTOV. Pp. 38-39. 


A universal holder for rapidly 
Vv. M. KOLOSOV. Pp. 39-41. 


changeable dies. 


Piercing of cylindrical apertures in forgings with 
bosses/kubs. S$. ¥V. LYASHENXO. Pp. 41-42. 


Modernization of a forging manipulator. YW. A. 
ZHURAVLEV. Pp. 42-43. 


A new design of packing for pistons in working 
cylinders of atr-steam hammers. P. D. NEPECHII and 
S. A. VOL’SKII. P. 44. 
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Study of the die-forging operation 


in presses 


A LARGE FACTORY, specializing in the production 
of spoons and forks, has carried out numerous 
tests on the dynamics of the pressing operation." * 


Measurement of pressures 

The method of measuring used employs resistance 
gauges. Fig. 1 is a diagram showing how the 
measuring device is mounted on the press. The 
bottom die rests on two steel blocks placed on the 
bedplate of the press. All the surfaces in contact 
have been carefully ground to ensure uniform 
distribution of forces. On the vertical sides, 
standard resistance gauges have been attached with 
bridge connection. 

In another variant the standard gauges are 
replaced by a continuous ad hoc coil 80 « 80 mm. 
(34 = 34 in.) of Constantin wire 0-05 mm. (0-002 
in.) dia. The coil is insulated from the block by 
means of ceramic beads placed at the vertical 
corners. The advantage of this arrangement is 
that it allows the effective contraction of the block 
to be measured even in eccentric positions of the 
pressure centre. 

In fig. 2 is shown the complete measuring 
set-up for a Weingarten screw-press (stroke 245 
mm.). The out-of-balance current in the measuring 





i Arrangement of measuring blocks 
1, Measuring block. 2, Base plate. 4, Bottom die 





3 First striking of em in mickel silwer ¢ on om press. 
Stress-time 


bridge is amplified and fed to a cathode-ray oscillo- 
scope. The switching on of the current is con- 
trolled by a photoelectric cell at the moment of 
contact of the upper tool with the work-piece. The 
oscilloscope reading is recorded on film at mains 
frequency (50 c./s.). Each of the two blows required 
to produce a proper shape of the work-piece, i.e. 
roughing and finishing, are recorded. On the 
press mentioned above, with a stroke of 245 mm., 
these were: roughing stroke, 571 tons; finishing 
stroke, 587 tons. 

This is a rather surprising result, since the noise 
of the finishing stroke being definitely louder, it 
was expected that there would be a markedly large 
difference in the pressure. — 

As regards the distribution of the forces between 
the two blocks, the recordings showed 40 tons 
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2 General arrangement of measuring apparatus 
1, Pres. 2, Top die. 3, Bottom die. 4, Measuring block 5, Light 
source. 6, Photo-electric cell. 7, Cathode-ray oscilloscope. 8, Camera 
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4 ap forging of spoon in chromium nickel steel under 
hammer (handle end). Stress-time 
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5 Tools for tests on relief No. 1. 
(Letters indicate the thicknesses measured 








6 Tools for tests on relief No. 2 


Letters show thicknesses measured 


more on the handle-end block than on the block 
at the other end. The profile of the relief has 
an influence on the value of the maximum pressure, 
which can, in extreme cases, reach a value of 750 
tons. 

In later investigations, only one measuring block 
has been used, with dimensions of 280 « 80 = 80 
mm. (11 3h 34 in.), and the second channel 
has been used for reading mains fluctuations. 

Fig. 3 shows the curve recorded for forging 
a table fork on a Weingarten press, 245 mm. stroke. 
The ripple on the curve must be attributed to 
vibrations of the press framework. These vibrations 
are more pronounced during the finishing stroke 
in which the effect of damping is less. 

Comparative readings have been made on an 
American compressed-air hammer (ram weight, 
405 kg. (893 Ib.); height of drop, 650 mm. (25} in.). 
These gave the very different looking curve shown 
in fig. 4. The extremely short duration of the 
moment of impact is very marked. 

When the metal being used is fairly ductile, the 
handle-end is decorated to a greater or less extent 
in relief and the stress on this end is greater. On 
the other hand, spoons and forks in chromium 
nickel stainless steel have little decoration and, in 
this case, the formation of the bowl or the prongs 
gives rise to a greater pressure than the handle end. 

It can be assumed that the speed of the blow 
in the case of the hammer results in quicker destruc- 
tion of the die. The required pressure depends 
on several factors: the delicacy of the embossing, 
the quality of the metal and the surface condition 
(roughness). Hydraulic presses of the order of 


1,000 tons, which can be used for testing tools, are 
seen in works. 


The average stresses for spoons 
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and forks in ductile metal are of the order of 600 
tons, while for stainless steel a figure of 650 tons 
can be taken. 


Influence of the relief 

Tests made on this aspect have been carried out 
with a toggle press in the following way. Two 
disc dies were made (figs. 5 and 6) with which rings 
2:5 mm. thick were struck. The materials used 
were: (a) brass, 63°,,; (6) nickel silver, 63-67% 
Cu, 11-13% Ni; (c) chromium nickel steel 18/8, 
0-07%, C. 

To obviate the effect of variations in thickness, 
rings were selected to a tolerance of 0-01 mm. 

The brass rings were subjected to ordinary 
annealing to reduce their Vickers hardness from 
90-70 kg./mm. The nickel-silver rings were 
annealed in a neutral atmosphere; hardness before 
annealing, 100 kg./mm. The steel rings had a 
hardness of 147-160 kg./mm. 

In the first case (fig. 5), the sunk surface was 
equivalent to 45°, of the whole surface, whilst in 
the second case (fig. 6), it was 50°. It will be 
noticed that, in the second case, the top tool has 
18°/, taper holes 5 mm. at base, of sufficient depth 
to leave the upper face of the deformed metal free. 

Figs. 5 and 6 show the points at which measure- 
ments were taken by a comparator to an accuracy 
of about 1/100 mm. The force applied was deter- 
mined by the method already described. 

Pressures varied between the following limits: 


tons 
Hydraulic press 150-500 
Screw press 150-300 
Toggle press 200-500 
Hammer 300-600 


The results of these tests have been plotted with 
stresses as abscissa and, as ordinates, the changes 
in dimension with reference to the nominal thick- 
ness of the original ring. The thickness at the 
edge of test-piece (fig. 6) as being dependent on 
the size of the flash was not taken. 

From an analysis of the graphs obtained, the 
results show that with the same pressure maximum 
deformation takes place with the toggle press 

continued on page 449 

















2 sie 
pe et GE eae ary Eg 
i 



































t _ [ 


7 Measuring of cutting out under press 


1, Punch with tensionmeter gauge. 2, Contact of oscilloscope circuit. 





3, Deflection beam with gauges for recording movement of punch. 4, 


Commutator. 5, Amplifier. 6, Coil oscillator 
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Evaluating high-strength materials 


This interesting discussion on the problems of deciding what factors count in choosing 
high-strength materials was given in ‘ Metal Progress,’ September, 1961, by Mr. 
G. K. Manning, technical manager, Department of Metallurgy, Battelle Memorial 


Institute 


IN RECENT YEARS, engineers have become increas- 
ingly aware that there is a weight penalty associated 
with every moving part. For example, it is well 
known that the weight penalty in missiles is enor- 
mous, and that associated with aircraft, very large. 
But there is also a weight penalty involved with 
nore prosaic items such as automobiles, agricul- 
iral equipment, and even ships. Hence, the 
rend toward lighter and lighter weight, higher and 
igher service stresses and, perforce, materials of 
ugher and higher strength. 

The materials engineer may with some justi- 
fication feel he is in a ‘rat race.” He no sooner 

eets one demand for strength with ‘ adequate 
ductlity ’ than he is confronted with a new demand 
for still greater strength—yet ‘ adequate ductility ’ 
must remain unimpaired. Perhaps we should pause 
and take stock. The past may hold lessons that are 
applicable to the future. 

In 1845 wrought iron was the strongest struc- 
tural material being used for applications requiring 
reliability in the presence of tensile stress. It had 
a strength of about 45,000 Ib./sq. in. By 1880, 
less-conservative engineers were building bigger 
and faster locomotives with medium-carbon steels 
which, when normalized, had strengths as great as 
75,000 Ib./sq. in. This was not an easy task. 
These ‘strong’ steels were treacherous. They 
‘ crystallized,’ particularly in cold weather. Since 
failures of piston rods, drive links and axles were 
numerous, many engineers concluded that these 
* new-fangled ’ steels were not practical. Yet, by 
the end of World War I, we were making and using 
some components in the Liberty engine that had 
a strength of 125,000 Ib./sq. in., and these parts 
were subject to tensile stresses. 

By World War II a number of aircraft frame 
and engine components were made from steels that 
required 190,000 Ib./sq. in. tensile strengths. And 
today we are using steels that possess strengths as 
great as 275,000 Ib./sq. in. Yet the engineer is 
still challenged to find stronger and stronger 
materials. How is he to do this ? 


What is ‘ adequate ductility ’? 

Let us first discuss some factors that the engineer 
must consider. It is apparent that our concept of 
‘adequate ductility’ has been changing, par- 
ticularly during the last 50 years. At the time of 
World War I, metallurgists knew how to heat-treat 
steels to a strength of 250,000 Ib./sq. in.; these 
steels possessed almost as much toughness as 
present-day steels with the same strength. 

Obviously, progress did not come about because 
the materials engineer was able to achieve ever- 
increasing strength while still maintaining a fixed 
degree of ductility. It is true that the metallurgist 
has been able to improve mechanical properties to 
some degree, but, equally important, the designer 
has found ways of avoiding stress concentration 
and the fabricator has found ways of detecting and 
eliminating flaws in the finished part. Through 
the years we have learned how to use increasingly 
brittle materials. Thus the phenomenal progress 
of past years has been a combination of (a) improved 
materials, (6) improved design and (c) greater 
perfection in the finished part. As a consequence 
of these advances, a given material no longer needs 
the ductility it needed in the past to be ‘ adequate ’ 
for the particular application. 

As another factor, the concept of transition 
temperature has become deeply embedded in our 
thinking within the last 15 or 20 years. A very 
helpful tool for evaluating ship plate, heavy forgings, 
armour plate and a variety of steels quenched and 
tempered to a strength of 200,000 Ib./sq. in. or less, 
it will continue to prove useful for these materials 
for many years. However, as we move to still 
higher-strength levels, the transition-temperature 
concept places real limitations on prospects for 
progress. 

Fig. 1 illustrates how impact strengths change as 
tensile strengths are increased. Not only does the 
transition temperature rise with increasing strength, 
but, more importantly, the energy value of the 
upper plateau decreases with increasing strength. 
Thus, at high strength levels, there is less difference 
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between ‘ brittle’ and ‘ ductile’ fracture in terms 
of energy absorbed and in terms of deformation 
prior to fracture. In other words, the transition 
temperature has less significance at a strength of 
280,000 Ib./sq. in than at a strength of 170,000 
Ib./sq. in. 


Limitations of test methods 


In addition, some recent experiments have shown 
that the load-carrying abilities of some notched 
sheet tensile specimens change in an anomalous 
manner with the notch severity. Fig. 2 shows data 
obtained on sheet tensile specimens containing 
centrally located defects of two different degrees of 
severity. Some of the specimens contained drilled 
holes 0-1 in. in diameter that produced nominal 
stress concentrations of about three. Other speci- 
mens contained centrally located fatigue cracks 0-1 
in. long. In these specimens, the stress concen- 
tration prior to the onset of plastic deformation 
must have been several times greater. 

It is not at all suprising, therefore, that the 
fatigue-cracked specimens failed at a lower load 
than did those containing a drilled hole. However, 
it is surprising that, for a given yield strength, the 
fatigue-cracked specimens of Alsi 4340 were able to 
carry greater loads than similar specimens of H11, 
but that the HI1 specimens with centrally located 
holes were stronger than Als! 4340 specimens with 
the same geometry. Apparently, the order of merit 
which one might assign to the stee] depends to some 
extent on the degree of stress concentration. 

Another way of varying stress concentration is to 
vary the length of the fatigue crack, the stress con- 
centration prior to onset of plastic deformation 
being proportional to the square root of the crack 
length. Fig. 3 shows a group of HI! and aisi 4340 


Yield Strength, 1000 Ps 


2 Tensile data for sheet specimens containing either holes 
or fatigue cracks, centrally located. Note that the H11 
specimens with holes appear stronger than the AISI 4340 
specimens with holes, but that the reverse is true for H11 
and AISI 4340 specimens which contain cracks. Stress 
concentration is therefore an important factor to consider 
in testing metals and alloys 


specimens quenched and tempered to a yield 
strength of 225,000 Ib. sq. in., but containing fatigue 
cracks of various lengths. As is apparent, the curves 
for the two steels cross at a crack length of about 
0-05 in. When the cracks are shorter than 0-05 in., 
H11 will sustain the greater load, but when they 
are longer than 0-05 in., arst 4340 will sustain the 
greater load. 

Figs. 2 and 3 are neither an endorsement nor an 
indictment of either ais! 4340 or H11. Thai is not 
the point. The point is that there are subtle dif- 
ferences in steels which the usual evaluation tests 
will not disclose. Thus, though alist 4340 may 
seem to be superior to HI! on the basis of either 
V-notch Charpy tests or notched sheet tensile tests, 
figs. 2 and 3 suggest that such a generalization is 
not justified. 


A suggested approach 

For the engineer interested in building stronger 
and lighter structures there is, however, a rational 
procedure for evaluating materials—one that is 
consistent with both our present state of knowledge 
and with the teachings of history. It is necessary 
to realize that the load-carrying ability of a structure, 
at least a high-strength structure, is closely related 
to the stress concentrations which are present. 
There are two primary sources for these concen- 
trations. One is a matter of how the structure is 
designed (changes in section size, and the like); 
the other, in advertent flaws (such as small cracks 
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han 0-05 in., but that the reverse is true when the 
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med during fabrication, or non-metallic 

isions formed during casting). 

lherefore, it seems reasonable to evaluate high- 

trength materials by measuring their load-carrying 
ibilities in the presence of the maximum stress 
concentration likely to exist on the finished part. 
In some instances, for example, it may be appro- 
priate to use a tensile test with a carefully filleted 
reduced diameter (when the maximum stress 
concentration is due to design). More frequently, 
however, some kind of sharp crack located perpen- 
dicular to the applied load will represent the most 
severe stress condition likely to be present in the 
finished part. For example, annular fatigue cracks 
located midway along the length of a standard 
tensile bar might be used to simulate internal flaws 
that could not be detected in massive structures. 
Thumbnail fatigue cracks in sheet tensile specimens 
might be used to simulate the most severe condition 
that exists in a solid-propellant motor case. 
Materials, then, could be rated on the basis of their 
load-carrying ability (net section strength) in the 
presence of the stress raiser that seems most 
appropriate. 

Such a procedure would not always be simple 
and straightforward. To apply it, the engineer 
would need to determine the type of defect that 
might exist in the finished part and what the 
maximum size might be. Second, he would have 
to realize that the maximum size of defects probably 
would decrease with improvements in design, 
fabrication processes and non-destructive testing 
technique. Consequently, the kind of tensile test 
employed would have to be modified from time to 
time. 

On the other hand, such a procedure would 
have two important advantages. First, if properly 
executed, it would produce data that could be 





limit of usefulness of toggle and hydraulic presses 
is around 400 tons, and this corresponds to a stress 
of the order of 553 kg./mm.’ 


Conclusions 

These results give only some indication of the 
behaviour of the presses. They do not in any way 
solve the general question of die forging, in which 
other factors must be taken into consideration when 
the choice of manufacturing plant is being con- 
sidered and a search is being made for tooling 
equipment capable of ensuring long life and a high 
return. 

It is thought that this method and its further 
development might well be of service not only in 
studying the very delicate problem of forging with 
quick-acting presses but also in reducing the 
percentage of rejects in the trimming operation, 
where too rapid wear of the tooling complicates 
and hampers the final stroke. The method is also 
indicated in coining operations where formers are 
expensively produced from reduced reproductions 
of designs on blocks of very hard steel for striking 
medals and particularly coins. 

Fig. 7 shows an apparatus for two-way measure- 
ment, one for recording pressures and the other 
for giving a curve of the displacement of the 
punch as a function of time. 

The cleanness of the profile also depends on the 
play between the punch and the die as well as on 
the number of blows of the press and, consequently, 
on the speed of deformation of the metal. 
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directly applied to design. Second, it would focus 
attention on the very important effect that flaws 
have on the load-carrying ability of high-strength 
structures. 

To sum up, past progress has been the result 
of simultaneously improving materials, design and 
fabrication techniques. It should be kept in mind 


that future progress probably will be the result of 
joint efforts by the materials engineer, the designer 
and the manufacturer. 
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Solar furnace for 
high-temperature 
research 


STANFORD RESEARCH INSTITUTE in California has 
recently constructed and put into operation a ‘ solar 
furnace.’ This is the only one of its type operating 
in America, and will enable the research staff of the 
Institute to conduct certain experiments with 
metals, as well as other materials, not possible or 
convenient with other types of heat sources. 

Like other solar furnaces, the facility is not really 
a furnace but an optical system by which solar 
radiations are concentrated in a small area. The 
system consists primarily of two mirrors and a 
target. One mirror, called a ‘heliostat,’ is flat 
and movable and is mounted near the ground. It 
reflects the sun’s rays upward to a curvec. stationary 
mirror that ‘looks’ downward, focusing the rays 
to create a ‘hot spot’ on a target specinien or 
crucible about 2 ft. below. 

The ‘ heliostat’’ is a group of nine back-silvered 
mirrors mounted on a cradle which is turned by 
a control system at a rate necessary to track the sun. 
The mirrors are tilted as a unit to deflect the 
sunlight toward the curved, polished, aluminium 
mirror, or paraboloid, 32 ft. above. The target 
consists of a mounting plate at the end of a retract- 
able framework. Attached to this framework is 
a shield that can be swung over the target specimen 
to shut off the heat. 

This design provides maximum efficiency in solar 
heat concentration consistent with the greatest 
possible advantage in operation and use. Compared 
with the type of solar furnace in which the entire 
apparatus moves to follow the sun across the sky, 
the design permits the target specimen to remain 
stationary with the specimen or crucible horizontal 
and facing upwards. Although it requires two 
mirrors, the second mirror causes only a very small 
heat loss of 100—150°C. 

Temperatures of over 3,000°C. can be obtained 
by other means, such as actual flame, electrical 
resistance, arcs or electrical induction. The solar 
furnace offers, however, many advantages over such 
methods. The radiant energy obtained does not 
produce contaminants as do other heat sources. 
Since the heat is concentrated in a very small area 
(@ in.), the specimen alone is heated. 

The heat concentration of the solar furnace 
permits the quick attainment of high temperatures 
and subsequent rapid cooling. As the ‘ hot spot’ 
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Stanford Research Institute’s ‘ solar furnace’ 


is very sharply defined, it is possible to obtain a 
sharp temperature gradient, i.e. an inch away from 
the centre of the spot, the temperature drops from 
over 3,000°C. to over approx. 1,500°C. Also, the 
movable shield and other types of shutter permit 
quick shut-off or partial reduction of the applied 
heat, thereby providing specific heat control. 

The new furnace is generally similar in principle 
to certain furnaces at the Mount Louis Solar 
Laboratories in the French Pyrenees. The Kenne- 
cott Copper Corporation has a somewhat similar 
facility except that it uses an additional mirror. 
Specifically, however, the Stanford Research In- 
stitute’s furnace is the only one of its type in 
operation in the United States. 


Research applications 
Work is beginning on a variety of research tasks 
requiring the kind of high-temperature conditions 
provided by the new solar furnace. It is particularly 
useful in the preparation of ‘ super-pure ’ materials 
such as single silicon crysials. Since melting occurs 
only within the limits of the sharply defined ‘ hot 
spot,” and thus on the specimen alone, con- 
tamination from a crucible is avoided. This 
advantage is particularly significant for research on 
continued on page 458 
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The cold extrusion of steel 


R. A. P. MORGAN, O.B.E., M.I.Mech.E. 


The relatively new field of cold extrusion of steel is surveyed in this article* and 


its techniques discussed with many practical examples. 
Director of the War Department. 


continued from last month 


Tool design 

Tue high loads and stresses imposed upon cold- 
extrusion tooling is such that unless special measures 
are taken the tools will plastically deform or fracture. 
The tool which has to support the whole of the 
extrusion load by the sheer merit of its strength 
associated with some ductility is the punch. Its 
design and manufacture must, therefore, be as 
perfect as possible. The other tools, namely the 
die and the die pad, can always be suitably supported 
to such an extent that the stresses imposed can 
always be within the elastic range. It must be 
borne in mind, however, that all tools will elastically 
strain under load and will, therefore, produce a 
component of different size to that given by the 
tools at rest. A steel punch hardened and tem- 
pered to about 740 V.P.N. expands under load to 
a degree dependent upon its diameter. The effect 
of the extrusion pressure upon such a punch must 
be considered from two aspects—namely as new 
and under first trial, and also after having been in 
use for a considerable run. When first used, the 
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*Article based by the author on his lecture given at 
the Wolverhampton and Staffordshire College of Tech- 
nology last March at a two-day symposium on ‘Cold 
flow forming.’ The article will be concluded in next 
month’s issue of METAL TREATMENT. 
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Superintendent, R. O. F. Birtley 


punch, being new, will strain elastically. Evidence 
seems to point to the fact that diametral strain 
occurs in two places, namely at the nose and also 
at a position on the shank from the one-third to 
one-half length, upwards. Unless some account 
is made for this in the design of the punch, the 
effect of the expansion in diameter of the punch 
from one-third to one-half length position upwards 
will be to work in concert with the recovery of the 
die mouth in causing a choke effect at the annulus 
between the punch and the die mouth which will 
increase the frictional resistance. 

After a punch has been in use for some time 
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9 Effect of die expansion linked with uniform expansion 
of the punch 
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a degree of permanent set occurs and punches 
removed from service after failure are found to be 
somewhat as illustrated in fig. 8. 

A die is usually made so that it rests on, and is 
attached to, the die pad. Dies for the cold extrusion 
of steel are now made of three rings, the inner ring 
being the die proper and the two outer rings being 
shrink-rings which impose a compressive hoop 
stress in the inner ring. By this means the stresses 
through the die are evened out as far as possible 
during the extrusion stroke, and the tensile hoop 
stress on the bore of the die kept down to sustain- 
able limits. In cold extrusion of steel, punch 
pressures of the order of 120 tons/sq. in. are pro- 
duced. If this is considered as a fluid pressure, 
a radial pressure on the inner face of the die of 
similar order can be expected. In an unsupported 
die such radial pressure can produce a tensile hoop 
stress at the die-bore of approximately 136 tons/sq. 
in. To counteract this it is normal practice to 
induce into the die bore a compressive hoop stress 
of about 70 tons/sq. in. by means of the two shrink- 
rings each imposing 35 tons/sq. in. This would 
reduce the tensile hoop stress under load to some- 
thing of the order of 66 tons/sq. in. If a tungsten 
carbide die were employed, however, no tension 
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10 Effect of die expansion linked with uniform expansion 
of the punch (die tapered 0-004 in. length) 








november, 1961 453 


hoop stress under extrusion load can be allowed 
otherwise the die would crack. In such case a 
compressive hoop stress equal and opposite to the 
full tension hoop stress obtained under the extrusion 
load would have to be applied and shrink-rings of 
high-quality steel would, therefore, be required. 
At first extrusion impact, the mouth of the die is 
forced to expand and, depending upon the dimen- 
sional aspects, the conformity and the method of 
securement of the die, the expansion at the mouth 
may, on first impact, be greater than that at the 
base diameter. However, as extrusion proceeds, 
the effect is to make the die diameter expand pro- 
gressively downwards through its depth, whilst the 
mouth of the die attempts to some degree to recover 
its original diameter. Whilst this is occurring, the 
upper portion of the punch shank and the nose of 
the punch are increased in diameter under load 
and, as a consequence of the choking effect at the 
lie mouth, frictional resistance to flow upwards 
xecomes very high. The effect of the expansion 
ind recovery of a die is shown in figs. 9, 10, 11 and 
2, but is perhaps best illustrated in the production 
f a high-strength aluminium alloy component 
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11 Effect of die expansion linked with uniform expansion 
of the punch (die tapered 0-008 in. length) 
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which was produced on a Herlan press. This 
component, see fig. 13, was produced from a tool 
set-up, as per fig. 14. The interesting facts about 
this component is that it is waisted in the centre, 
and it is clear from deduction that at the commence- 
ment of extrusion the die expanded at the mouth 
more than it did at the base. An analysis of the 
tool set-up shows this to be quite possible. An 
extrusion lip on the punch 0-024 in. greater in 
diameter than the punch shank permitted full 
recovery of the die mouth as extrusion proceeded. 

Design of tools for steel extrusion cannot be 
successful unless the effects upon them of the 
extrusion load are carefully considered and under- 
stood. In considering the punch, the length must 
be reduced as much as possible in order to reduce 
undesirable bending effects. The formation of an 
extrusion lip may well cause the component to 
be extracted on the punch and this would then 
require the punch to be lengthened in order to fit 
a stripper. Whereas, therefore, an extrusion lip on 
the punch may well reduce the extrusion load, it 
may not be practicable to allow its use, as the punch 
length may be increased above the safe margin of 
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12 Effect of die expansion linked with preferential punch 
nose expansion (tapered die) 
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for production of high- 
strength aluminium alloy 
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24 to 3 times its diameter. If an extrusion lip is 
considered essential, its proportions should be 
somewhat as shown by fig. 15. Bearing in mind 
that the punch must seat against a pressure pad, 
the designer may effect a design as in fig. 16. This, 
however, is not good from the heat-treatment point 
of view as well as being expensive for replacement, 
and fig. 17 represents a better design in regard to 
these aspects. 

Except for the fact that the greater the number 
of parts in any set-up the more risk there is of 
dimensional and flatness inaccuracies, a build-up 
of pads as shown by fig. 18, bringing the eventual 
load evenly over the press platen, is preferred to 
solid tooling both from the economy and heat- 
treatment points of view. The flatness and paral- 
lelism of the pads is particularly important and all 
such pads should be surface ground. 

The punch nose surface is preferred to be fiat, 
finishing with a small radius to form the side wall 
of the punch. The size of the radius is important 
as it has some effect upon the pressures required 
for extrusion. The flat surface of the punch serves 
to maintain the phosphate and the lubrication 
without fracture and this keeps the punch loading 
down. Once the lubrication surface is broken, 
the punch loadings required rise steeply and the 
graphical results showing the effect of a conical 
surface on the punch illustrates this very well. 

In the heat treatment of punches, great attention 
must be paid to the surface prior to quenching. 
It is important to remember that there must be no 
stress raisers and a ground surface prior to heat 
treatment is desired. Punches should be packed 
whilst in the furnace to limit preferential heating or 
cooling as far as possible and should be quenched 
out from the nose upwards. 
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15 Extrusion lip propor- 16 Design not good for 
tions heat treatment 
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17. Better design from 


heat-treatment standpoint 18 Build-up of pads 


The bolster should be treated in exactly the 
same way from the design and manufacturing 
standpoint as the punch. If, however, the bolster 
is to be used also as an extractor then the design 
should be such as to enable it to expand under 
load in a preferred position such as is shown in 
fig. 19. 

In considering die design, figs. 20, 21, 22 and 23 
show different set-ups which have been found 
satisfactory. In fig. 23, troubles occurring in the 
maintenance of a tight joint between the die and 
the die pad were overcome by allowing the die pad 
to set down elastically under load in the position 
shown. When this die is securely screwed on to 
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19 Bolster designed to expand under wad in a preferred 
position 














20 Typical Hooker extrusion 


the die pad there is a turning movement imposed 
upon the die which tends to open the mouth. In 
a properly stressed die this effect would be small; 
nevertheless, the mouth diameter of the die should 
be checked before and after assembly. 

The most important part in die design lies in 
the accurate stressing and proportioning of the die 
proper and the shrink-rings. Experience has shown 
that all shrink-rings and the dic proper have an 
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21 Typical backward extrusion 
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22 Typical forward extrusion 
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23 Die design for expansion and settlement under load 


internal to external diameter ratio of 1 : 1-6 and 
that there should be a shrink allowance of 0-003 
in./in. dia. To enable this, it is usually necessary 
to warm up the shrink rings before assembly and 
such warming up should be within the tempering 
range employed. The die proper is fully heat 
treated, tempered and ground externally before 
assembly. The bore is finally ground to size after 
the assembly of all shrink rings. 

The assembly order is as follows: (1) Shrink 
the inner ring on to the die; (2) grind the outside 
diameter accurately to size after shrinking; and (3) 
shrink the outer ring on to the assembled inner 
ring and die. 

The shrink-ring material usually employed is 
similar to En 25, namely C, 0-27-0-35%,; Ni, 
2-3-2:8; Cr, 0-5-0-8; Mo, 0-40-7,. 

After finish turning, all shrink-rings are heat 
treated to about 80 tons/sq. in., tempered at about 
250°C. The shrink-rings are then warmed up to 
350°C. to expand them sufficiently for engagement 
with the mating rings and allowed to cool in 
position. Parallel bores are preferred to tapered 
bores, being simpler to manufacture and to measure. 


Cold extrusion of gears 


Realizing the economic factors mitigating against 
the manufacture of simple tubular components by 
cold extrusion, attention has been paid to the 
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manufacture of more difficult objects such as gear ats PisiS) isl als 
wheels. A process was developed on the basis of 27 Hardness figures 
a consideration of the volume of material required 
in order to produce an extrusion using the smallest 
power, and certain success has been experienced in 
making gear blanks in the three steels shown in 
table 1. These components are illustrated in 08 “te CARBON STEEL MILO STEEL €N. 17 STEEL 
fig. 24 and the gears produced therefrom in fig. 25. 
All finished components were stress relieved at 
400°C. for 1 h. after which the physical charac- 
teristics observed were as in table 2. Stroke/load 
curves are as in fig. 26. Section and tooth hardness 
figures were as shown in figs. 27 and 28. 


Two types of gear blanks were made and it will 
be noted that the internal splines and gear teeth 


were formed at the same time. Dimensional 
characteristics are as follows: 
Component No. | 
EXTERNAL: Outer dia. 2:655 + 0-002 in. 


Root dia. 2-338 in. 
—27 teeth. 


Pressure angle 25 deg. 





28 Hardness figures 
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TABLE 1 Compositions of three steels used for making gear blanks 

















Cc Mn Si Ni Cr Mo 
0-08%, C fully-killed steel .. Py 0-08 — y 0-12 0-07 —_ — _ 
Commercial mild steel En 3A 7 0-15-0-25 040-0 -90 0-05-0- 35 = — — 
Manganese-molybdenum steel En 17 | 0:30-0:40 e 30—1 - 80 0-10-0-40 — — 0:35-0:55 








TABLE 3 Compositions of some other steels tried for gear making 












































Cc Mn Si Ni Cr Mo 
En 18 1°, chromium steel .. | 0-35-0-45 | 0:60-0:95 | 0-10-0-35 - 0-85-1-15 _— 
En 361 low-alloy case-hardening 
steel 6% ate ve , 0-13-0-17 | 0-70-1-00 0-35 0:40-0:70 0-55-0:80 | 0-08-0:15 
SAE 8615 low-alloy case-hardening 
steel : - 0-13-0-18 | 0-70-0-90 | 0:20-0:35 | 0:40-0-70 0:40-0:60 | 0-15-0-25 
S 82 4} Ni-Cr-Mo case-hardening 
steel ‘a a .. | 0-12-0-18 0-50 0:10-0-35 | 4:00-4:50 | 1-00-1-40 | 0-15-0-35 
S 106 nitriding steel 0:20-0:25 | 0:10-0:35 | 0:40-0:65 | 0-30 max. | 2:90-3:50 0:40-0:70 
$'107 3° Ni-Cr-Mo_ case-har- 
dening steel _0-18 _| 0:10-0:35 | 0:30-0:60 | 3-00-3-75. | 0-60-1-10 | 0-10-0-25 





INTERNAL: Six splines width 0-342 in., depth Solar furnace for 
0-105 in. Bore dia. 1 -19-0-0005 in. a 
high-temperature research 


Component No. 2 concluded from page 450 
EXTERNAL: Outer dia. 3-845 + 0-005 in. 
Pressure angle 20 deg.—28 teeth. transistor materials where extreme purity is 


INTERNAL: Internal dia. 2-370 in. Root dia. ™POrtant. a 

2-662 in. Pressure angle 25 deg.-27 teeth. Measurement of thermal characteristics and 
conductivity of materials at high temperatures is 
Recently various other steel qualities have been easier with the solar furnace. To study the effect 
put through the smaller of the two tool sets (table 3). | of thermal shock on ceramic material, for example, 
In general, the gears in these steels were required a chilled specimen can be placed on the target 
for subsequent heat treatment and the properties plate under the movable shield. By suddenly 
withdrawing the protecting shield, the ceramic is 

TABLE 2 Physical characteristics of the finished components exposed instantly to the furnace temperature. 
pense tie barbaric md ike Other studies include the effect of high tem- 
U.T.S.| y.s. | Blons- |r ofA! Izod peratures on electrical conductivity of metals, on 
T.S.I. | T.S.1. |4VA % a ft. /Ib. materials under controlled gaseous or other environ- 
mental conditions, and on the ignition tendencies 














0-08" @-2 | 1-6 st “ and characteristics of solid propellants and other 
M.S. 52:2 | 50-7 il} 44 13-3 explosive agents. The rates of material reaction 
under quick and great changes in temperature can 

__En17__| 61:8 | 57-2 12 47 14:8 ___ be studied and the temperature and environmental 





characteristics of the upper atmosphere simulated. 


Design and construction of the new solar furnace 
represents a co-operative effort of the Institute 
directed by Dr. Nevin K. Hiester, manager of 
chemical engineering research, with major assistance 
by chemical engineers Raymond K. Cohen and 
to be continued Rodney B. Beyer. 


attained by cold working are of no consequence. 
The extrusion loads for En 18 and En 361 were 
in the same order as for the En 17 steel illustrated, 
whilst those for the remaining three were in the 
region of 375-400 tons. 
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The creep of metals 
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Recent advances in experimental techmques, in particular the development of 
etch-pit and electron transmission micrography, have led to appreciable advances 


in the understanding of the role of dislocations in the plasticity of metals. 


In the 


present paper* the theoretical basis of the creep of metals is reassessed in the light of 
these observations, and some of the major problems requiring further study are 


discussed 


THERE NOW APPEARS to be general agreement that 
the deformation of metals occurring under con- 
stant stress, which may be quite rapid at tem- 
peratures comparatively high with respect to the 
melting point, arises from a balance between 
work-hardening and recovery. The increasing 
resistance of the metal to further deformation 
therefore tends to be counteracted by softening, so 
that creep can continue to take place. It is possible 
to separate these two opposing tendencies and to 
study them more or less in isolation by taking 
advantage of the fact that at sufficiently low tem- 
peratures work-hardening can still occur while 
recovery is virtually absent. 

Such an experiment could be carried out as 
illustrated in fig. 1. Here the metal is first extended 
plastically at a comparatively low temperature up 
to a certain strain indicated by the point ‘A.’ The 
metal, for example iron, is then removed from the 
tensile testing machine and heated for some time 
at a high temperature, say a few minutes at 800°C. 
in our case. After cooling its flow stress will be the 
same, or nearly the same, as initially, and on 
applying the same load as before it will be strained 
to point ‘B.’ Hence, by allowing recovery to inter- 
vene, we have been able to couble the strain 
without increasing the load. 

Procedures of this type are, of course, well known 
from metal working operations, such as cold- 
rolling or wire drawing, when the metal has to be 
annealed between passes, but the bearing of this 
unity between work-hardening and softening by 
heat treatment is not always fully appreciated in 
connection with creep, in which both processes 
occur simultaneously. However, the interpretation 
of creep as a ‘struggle’ between hardening, which 





* The author, of the Department of Metallurgy, The 
University, Leeds, has based this article on his con- 
tribution to a colloquium held at the Academy of Sciences 
in Budapest on August 4, 1961. 


induces structural changes in the material, and 
recovery, which opposes and tends to reverse the 
changes due to strain, is basic to any theory of 
creep in metals. It is also rather general, and is 
probably valid for all work-hardening solids. 
Formally, one can express the observation that 

an increment of the flow stress de may comprise 
contribution due to increments of the strain ¢, the 
temperature 7 (which may affect the elastic con- 
stants) and the time of isothermal annealing by 
writing : 

do = — de + — dT + — 

a ac eT ot aS aSases os 
This equation may be integrable with certain 
specific boundary conditions, but we shall not 
concern ourselves with this at the moment. In 
conventional creep tests carried out at constant 
stress and temperature, equation (1) simplifies 
considerably, for de and dT are then zero, yielding: 


Gajds au —{h/y) Gal OE oc cece ccceenes (2) 


which shows particularly clearly the unity between 
the rate of work-hardening + és/@e and the 
rate of recovery éo/ét already referred to. 

At the next, higher, level of enquiry it thus 
becomes necessary to investigate the modes of 
work-hardening and recovery specific to metals. 
As these phenomena are not independent of one 
another the problem of correlating them also arises. 
Although the principal features of both processes, 
each considered in isolation as in the example in 
fig. 1, are now beginning to be reasonably well 
understood, it has not as yet proved possible to 
integrate them into a quantitative theory of the 
cybernetics of creep. 

At this juncture, one may thus be inclined to 
enquire what the major unsolved problems are and 
how to attempt to solve them most rationally. How- 
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ever, obtaining an answer to this is not a straight- 
forward exercise in formal logic which could be 
sorted out by an electronic computer. Some of the 
tasks will emerge in the course of this discussion but, 
like with any other branch of research or social 
activity in general, the question as to the best 
approach and the fastest advance cannot be exa- 
mined adequately without tracing, in some detail, 
the historical development of the subject in its 
concrete social setting. 

Such an analysis' may be rather fruitful, because 
thinking about research in this broad context leads 
one to appreciate the present growing points of the 
science, the effect of the allocation of funds to 
research on the rate of growth of any given branch 
of investigation, and so on. Sometimes such an 
analysis also helps one to spot questions which 
today exist only ‘in embryo,’ but which will 
eventually present themselves as fully matured 
problems for solution when advancing technology 
encounters them. However, it would not be 
possible to do justice to such a study within the 


framework of our present aims, and the object of 


raising it was mainly to stress its relevance; in 
relation to any purposive activity such an analysis 
could serve as a better councillor as to what to do 
and how to do it than the intuitive empiricism by 
which similar questions are often decided. 

Here, then, I want to limit the discussion mainly 
to the nature of work-hardening and recovery, and 
their probable manner of interaction in creep. 
Apart from passing references to alloys I shall deal 
foremostly with pure metals, for although much 
useful knowledge has been accumulated about 
structures desirable in alloys having high creep 
strength, generally by empirical or semi-empirical 
means, and a deeper insight is rapidly developing 
as a result of the application of advanced tech- 
niques in research, the interpretation of many 
features is still rather controversial; in attempting 
to discuss them we might be led too far into 
speculation. 


Dislocation kinetics 

We shall take as our starting point the now 
well-established fact that plastic deformation of 
metals is facilitated by dislocations, and before 
considering the specific problem of plastic deforma- 
tion in creep at elevated temperatures in more 
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2 The partial and complete passage of an edge dislocation 
of Burgers vector b through a crystal cube of edge L 


detail it will be useful to examine briefly some of the 
characteristics of dislocations which will be par- 
ticularly relevant in dealing with creep. Fairly 
extensive accounts of the basic properties of 
dislocations exist®: * and we shall review only those 
which have a direct bearing on our present problem. 

First, we consider the passage of a straight edge 
dislocation through a crystal cube of length of 
side L, as shown in fig. 2a. The cube may be taken 
to represent a grain in a polycrystalline metal. The 
shaded area denotes the zone which has already 
slipped; the dislocation represents the boundary 
between the slipped and unslipped parts of the 
glide plane. When the dislocation has passed 
through the crystal, as shown in fig. 2b, the shear 
strain will be b/L, where b is the Burgers vector of 
the dislocation. If more than one dislocation move 
simultaneously through the crystal, then with 
2 taken as the density of similar moving edge dis- 
locations per unit area perpendicular to the glide 
plane, the strain induced in the average time rt, 
required by a dislocation to traverse the crystal 
will be given by (L?¢) (b/L), and the shear rate will 
therefore be Leb/tz. If we denote the mean 


velocity of the dislocations by 4, where 6 = L/1,, 
then the creep rate in shear becomes: 
dy dz obo SCOKCHCCOHRHSHR OSES OH EEESECEES (3) 


This simple expression is useful, first, because 
in dealing with a specific, even though not quite 
realistic, model it is already somewhat less general 
than the basically equivalent relation given by 
equation (2), and second, because in throwing into 
relief the two important variables determining 
the creep rate of the model it enables us to decide 
which of the properties of dislocations will be 
particularly relevant to our discussion of the creep 
in real metals. It should be emphasized that ¢ refers 
only to dislocations participating in creep, the total 
density of dislocations in a real crystal may be 
higher. 

The real crystal will differ from the idealized one 
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3 Formation of a jog ‘}’ by intersection of two dislocations 


in several other respects, e.g. dislccations will 
propagate on a number of intersecting systems of 
glide plenes and intereact with one another to give 
tangles or more regular networks. In general 
mcre than one slip system will be operative at any 
given time in the process of deformation; in crystals 
representing grains of polycrystalline aggregates 
several slip systems must, in fact, operate simul- 
taneously if the metal is to remain continuous and is 
not to break to pieces.’ 

The interacticn of dislecations in the course of 
plastic def.rmation of real crystals results in 
structural changes which affect both p and d. An 
example cf slip on two intersecting slip planes is 
shown in fig. 3; the formaticn of steps, known as 
‘jogs,’ in cne of the dislocaticns due to the passage 
through it cf another is illustrated. Although the 
jog is essentially a small piece of edge dislccation it 
will not move as readily as a longer edge dislocation 
because (a) if it moves at right angles to the plane 
of the paper, as the dislocation loop containing it 
expands under an increasing shear stress, the 
derangement of the crystal lattice at the corners of 
the Z-shaped imperfection of which it is part will 
exercise a temperature dependent frictional force on 
the dislccaticn containing the jog,’ while (6) if 
it moves in the plane of the paper, say from left 
to right, thus causing the lower part of the dis- 
Iccaticn to ‘climb’ up to the upper part, it must 
either generate vacancies or await the arrival of 


4 A two-dimensional edge dislocation in a soap-bubble raft 
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vacancies through self-diffusion from the body of 
the crystal. t 

How vacancies can induce jog migration, and 
hence dislecation climb, may be seen more clearly 
from fig. 4, which shows a two-dimensional edge 
dislocation in a soap-bubble raft. The dislocation 
can conveniently be regarded as arising from the 
insertion of an extra plane of atoms from above 
into the crystal. To make it climb up a line of 
atoms would have to be removed from the bottom 
edge of the plane; this can be done if the atoms at 
the edge can escape by changing place with vacan- 
cies situated adjacent to them. Energetically the 
displacement of an existing jog along the edge 
dislccation is therefore equivalent to vacancy 
migration. 

Dislocation displacements of this type, in which 
point defects are released or absorbed, are known 
as ‘non-conservative,’ to distinguish them from the 
conservative displacements, e.g. that of a jog 
perpendicular to the plane of the paper (fig. 3), 
when point defects are not formed. As a result of 
the drag exercised by jogs the migration velocity 
of dislecations will depend not only on stress but 
also on temperature. 

Edge dislocations cannot then leave their slip 
planes and move to parallel adjacent ones, except 
non-conservatively, by climb. Screw dislocations, 
however, can move to adjacent slip planes con- 
servatively, and this ease of transfer from one slip 
plane to another probably has as a consequence the 
well-known weavy appearance of slip bands 
observable, for example, in alpha-iron. 

In face-centred cubic metals such ‘crosslip’ by 
screw dislccations is more difficult, beca’se the 
glide dislocations split up into adjacen: half- 
dislocations separated by a thin ribbon of stacking- 
fault, and to get such an extended dislocation to 
crosslip is somewhat like trying to push a fairly long 
cylindrical coil spring through a sharp bend in a 
narrow pipe; the two half-dislocations, just like 
the two ends of the spring, would first have to be 
forced together, and high stresses would be re- 
quired. However, even in face-centred cubic metals 
crosslip could be induced by the cooperation of 
screw dislocations of opposite signs, for example as 
shown in fig. 5. 

The diagram shows two successive stages in the 
approach of two mutually attracting screw dis- 
locations lying on intersecting slip planes, resulting 
in their eventual annihilation. Interactions of this 
kind, resulting in the loss of dislocations, or seg- 
ments of dislocations, induce recovery, as we shall 
see below. The mechanism illustrated in fig. 5 
does not require thermal activation, except in so 


tAs the jog is inflexible it may also have to overcome a 
frictional force akin to the Peierls force." 
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ever, obtaining an answer to this is not a straight- 
forward exercise in formal logic which could be 
sorted out by an electronic computer. Some of the 
tasks will emerge in the course of this discussion but, 
like with any other branch of research or social 
activity in general, the question as to the best 
approach and the fastest advance cannot be exa- 
mined adequately without tracing, in some detail, 
the historical development of the subject in its 
concrete social setting. 

Such an analysis' may be rather fruitful, because 
thinking about research in this broad context leads 
one to appreciate the present growing points of the 
science, the effect of the allocation of funds to 
research on the rate of growth of any given branch 
of investigation, and so on. Sometimes such an 
analysis also helps one to spot questions which 
today exist only ‘in embryo,’ but which will 
eventually present themselves as fully matured 
problems for solution when advancing technology 
encounters them. However, it would not be 
possible to do justice to such a study within the 
framework of our present aims, and the object of 
raising it was mainly to stress its relevance; in 
relation to any purposive activity such an analysis 
could serve as a better councillor as to what to do 
and how to do it than the intuitive empiricism by 
which similar questions are often decided. 

Here, then, I want to limit the discussion mainly 
to the nature of work-hardening and recovery, and 
their probable manner of interaction in creep. 
Apart from passing references to alloys I shall deal 
foremostly with pure metals, for although much 
useful knowledge has been accumulated about 
structures desirable in alloys having high creep 
strength, generally by empirical or semi-empirical 
means, and a deeper insight is rapidly developing 
as a result of the application of advanced tech- 
niques in research, the interpretation of many 
features is still rather controversial; in attempting 
to discuss them we might be led too far into 
speculation. 


Dislocation kinetics 

We shall take as our starting point the now 
well-established fact that plastic deformation of 
metals is facilitated by dislocations, and before 
considering the specific problem of plastic deforma- 
tion in creep at elevated temperatures in more 
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2 The partial and complete passage of an edge dislocation 
of Burgers vector b through a crystal cube of edge L 


detail it will be useful to examine briefly some of the 
characteristics of dislocations which will be par- 
ticularly relevant in dealing with creep. Fairly 
extensive accounts of the basic properties of 
dislocations exist®: * and we shall review only those 
which have a direct bearing on our present problem. 

First, we consider the passage of a straight edge 
dislocation through a crystal cube of length of 
side L, as shown in fig. 2a. The cube may be taken 
to represent a grain in a polycrystalline metal. The 
shaded area denotes the zone which has already 
slipped; the dislocation represents the boundary 
between the slipped and unslipped parts of the 
glide plane. When the dislocation has passed 
through the crystal, as shown in fig. 2b, the shear 
strain will be b/L, wher: b is the Burgers vector of 
the dislocation. If more than one dislocation move 
simultaneously through the crystal, then with 
p taken as the density of similar moving edge dis- 
locations per unit area perpendicular to the glide 
plane, the strain induced in the average time 1, 
required by a dislocation to traverse the crystal 
will be given by (L?¢) (b/L), and the shear rate will 
therefore be Leb/tz. If we denote the mean 


velocity of the dislocations by 4, where 6 = L/tz, 
then the creep rate in shear becomes: 
NE ED Se Ar edote ou vissdeccred cent (3) 


This simple expression is useful, first, because 
in dealing with a specific, even though not quite 
realistic, model it is already somewhat less general 
than the basically equivalent relation given by 
equation (2), and second, because in throwing into 
relief the two important variables determining 
the creep rate of the model it enables us to decide 
which of the properties of dislocations will be 
particularly relevant to our discussion of the creep 
in real metals. It should be emphasized that o refers 
only to dislocations participating in creep, the total 
density of dislocations in a real crystal may be 
higher. 

The real crystal will differ from the idealized one 
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3 Formation of a jog ‘}’ by intersection of two dislocations 
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in several other respects, e.g. dislccations will 
propagate on a number of intersecting systems of 
glide plenes and intereact with cne another to give 
tangles or mecre regular networks. In general 
mcre than one slip system will be operative at any 
given time in the process of deformation; in crystals 
representing grains of polycrystalline aggregates 
several slip systems must, in fact, operate simul- 
taneously if the metal is to remain continuous and is 
not to break to pieces.‘ 

The interaction of dislccations in the course of 
plastic def.rmation of real crystals results in 
structural changes which affect both p and @. An 
example cf slip on two intersecting slip planes is 
shown in fig. 3; the formation of steps, known as 
‘jogs,’ in cne of the dislocaticns due to the passage 
through it cf another is illustrated. Although the 
jog is essentially a small piece of edge dislecation it 
will not move as readily as a longer edge dislocation 
because (a) if it moves at right angles to the plane 
of the paper, as the dislocation loop containing it 
expands under an increasing shear stress, the 
derangement of the crystal lattice at the corners of 
the Z-shaped imperfection of which it is part will 
exercise a temperature dependent frictional force on 
the dislccaticn containing the jog,’ while (6) if 
it moves in the plane of the paper, say from left 
to right, thus causing the lower part of the dis- 
locaticn to ‘climb’ up to the upper part, it must 
either generate vacancies or await the arrival of 


4 A two-dimensional edge dislocation in a soap-bubble raft 
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vacancies through self-diffusion from the body of 
the crystal.t 

How vacancies can induce jog migration, and 
hence dislocation climb, may be seen more clearly 
from fig. 4, which shows a two-climensional edge 
dislocation in a soap-bubble raft. The dislocation 
can conveniently be regarded as arising from the 
insertion of an extra plane of atoms from above 
into the crystal. To make it climb up a line of 
atoms would have to be removed from the bottom 
edge of the plane; this can be done if the atoms at 
the edge can escape by changing place with vacan- 
cies situated adjacent to them. Energetically the 
displacement of an existing jog along the edge 
dislocation is therefore equivalent to vacancy 
migration. 

Dislocation displacements of this type, in which 
point defects are released or absorbed, are known 
as ‘non-conservative,’ to distinguish them from the 
conservative displacements, e.g. that of a jog 
perpendicular to the plane of the paper (fig. 3), 
when point defects are not formed. As a result of 
the drag exercised by jogs the migration velocity 
of dislocations will depend not only on stress but 
also on temperature. 

Edge dislocations cannot then leave their slip 
planes and move to parallel adjacent ones, except 
non-conservatively, by climb. Screw dislocations, 
however, can move to adjacent slip planes con- 
servatively, and this ease of transfer from one slip 
plane to another probably has as a consequence the 
well-known weavy appearance of slip bands 
observable, for example, in alpha-iron. 

In face-centred cubic metals such ‘crosslip’ by 
screw dislecations is more difficult, because the 
glide dislocations split up into adjacent half- 
dislocations separated by a thin ribbon of stacking- 
fault, and to get such an extended dislocation to 
crosslip is somewhat like trying to push a fairly long 
cylindrical coil spring through a sharp bend in a 
narrow pipe; the two half-dislocations, just like 
the two ends of the spring, would first have to be 
forced together, and high stresses would be re- 
quired. However, even in face-centred cubic metals 
crosslip could be induced by the cooperation of 
screw dislocations of opposite signs, for example as 
shown in fig. 5. 

The diagram shows two successive stages in the 
approach of two mutually attracting screw dis- 
locations lying on intersecting slip planes, resulting 
in their eventual annihilation. Interactions of this 
kind, resulting in the loss of dislocations, or seg- 
ments of dislocations, induce recovery, as we shall 
see below. The mechanism illustrated in fig. 5 
does not require thermal activation, except in so 


+As the jog is inflexible it may also have to overcome a 
frictional force akin to the Peierls force.* 
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mutual annihilation 


far as the interacting dislocations are jogged; in 
that case they would experience a strongly tem- 
perature-dependent frictional drag, as jogs in 
dislocations having a large screw component can 
generally move with the dislocation only non- 
conservatively,” i.e. by generating vacancies or by 
migrating to vacancies which have diffused to 
positions adjacent to them. 


Activation energies 

Analyses of the kinetics of dislocations containing 
jogs, with a more detailed discussion of the various 
effects of jogs on their movement, have been made 
by Seeger® and Feltham and Meakin’ in greater 
detail than is possible here. In all cases the con- 
siderations are based on models of the type shown 
in fig. 6, which shows a dislocation, lying in the 
plane of the paper, subjected to a shear stress +. The 
dislocation, which behaves somewhat like an 
elastic string with a constant line tension U, exerts 
a force on the jogs impeding its movement. If, for 
example, the Burgers vector of the dislocation is 
along the line F, so that the dislocation is almost 
purely ‘edge,’ then the force along F, i.e. in the 
direction of the easy, conservative, movement of the 
jog, where the energy barrier is comparatively low, 
will be U (sin 6, + sin 6,), while the force perpen- 
dicular to F, tending to move the jog non-conserv- 
atively against a high energy barrier will be much 
smaller, amounting only to U (cos 8, — cos 9,). 
Clearly, in this case the jog will move conservatively. 

If the dislocation were almost purely ‘screw’ 
then the behaviour of the jog is less easily ascer- 
tained. For example, if 6, and 6, are almost equal, 
the jog will move non-conservatively along F, 
otherwise it may run off sideways until it is either 
annihilated on encountering a jog of opposite sign 
or stopped on reaching parts of the dislocation 
which are of mixed edge screw type. 

If a dislocation is imagined as a circular loop then 
it is clear that pure edge and pure screw com- 


ponents will exist only over very small lengths of 


arc at points where the circle is intersected by 
diameters perpendicular and parallel to the Burgers 
vector cf the dislocation respectively. As the 
possibility of easy conservative movement exists in 
both cases it is to be expected that jogs will not 


concentrate in these sections; more likely positions 
for the accumulation of jogs will be those parts of 
the circle where conservative and non-conservative 
movements of jogs can occur with equal ease, i.e. 
on parts which are of the mixed edge screw type. 

The displacement of.jogs in such regions would 
necessitate the formation or absorption of vacan- 
cies, and the dislocation would simultaneously 
glide and climb. Evidence of the type of dislocation 
movement involving jogs appears to be apparent at 
‘A’ in the two consecutive electron micrographs of a 
thin film of copper (fig. 7), which had been pre- 
pared from a polycrystalline specimen after creep 
at 500°C., and which underwent further deformation 
due to stresses induced by contaminating surface 
films formed on the specimens during observation 
in the microscope. 

A simple analysis based on classical dislocation 
theory® shows that in a configuration such as is 
shown in fig. 6 the energy barrier to jog migration, 
and hence to dislocation movement, decreases 
linearly with the shear stress = acting on the dis- 
location in the slip plane along its Burgers vector, 
and one may write: 


E(=) = H - =b’/ 


where H is the height of the barrier in the absence 
of a stress, and / the spacing between jogs as 
indicated in fig. 6. One can represent equation (4) 
formally also by writing <=, — H/b’, so that 


E(o) = H{1+(0/2,)]—H[1+=/=))] 


where the <’s and o’s refer to shear and tensile 
stresses respectively; the latter case being useful 
in considering creep in polycrystals. The signi- 
ficance of s, may be seen by referring to the 
velocity of the jog, which may be expressed by the 
usual rate equation: 


v;=vb exp {-H[l-(c Sy)} kT} 


in which v is an atomic frequency of the order of 
10" /sec., & Boltzmann’s constant, and TJ the 
temperature expressed in “K. For if we imagined 
the specimen containing the dislocation under 
consideration to be quenched rapidly under load 
from T to close to 0°K. then, if we wished to 
maintain the creep rate due to v; at 7, we would 
have to increase o to c, or, more precisely to 
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7 Dislocation movement in a thin film of copper prepared from a polycrystalline specimen after 10 
500°C. under a tensile stress of 475 kg.icm.* and an equilibrium strain rate of 2-7 10 -* /sec. 
Migra‘ion at ‘A,’ shrinking loops at ‘B,’ cluster of small stable loops at ‘C.’ Cooled under stress 


approximately 4 min. 


«(Gy G), where G, and G are the shear moduli at 
T and 0°K respectively. Thus o, may be regarded 
as the stress required to move the jog with velocity 
v; at very low temperatures; in so far as -,, depends 
upen the substructure dimensions and geometry 
(equations 4 and 5), so will then also cy. 

We now have to consider the magnitude and 
signif cance of H. To this end it is useful to employ 
equation (6), rewriting it in the form 


@ oe Gy fF — CURT no sce cekgycsvean (7) 
where 
m In (vb/2;) 


If one makes the reasonable assumption that if 
creep is readily observable then the jogs must run 
alcng a dislccation segment of the order cf one 
micrcn in length in a few seconds, 1.e. taking 9, 
equal to about 10~° cm. sec., then with b=3» 10~° 
cm. cne obtains 


m—> 20 COTES OS RETESET OSE CRESRCCCESes (8) 
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strain in creep at 


2 Interval between exposures 


and this value would vary by only approximately 

10°,, if v; were assumed either larger or smaller 
by a factor of 10 than the value used in deriving 
equation (8). 

On using as an example H = 1-3 eV, as observed 
by Feltham and Meakin’ in creep of 99-99 
oxygen-free high conductivity copper, one finds 
that the bracketed term in equation (7) is zero at 
about 480°C., implying that a 1-3 eV barrier 
should cease to provide creep strength at that 
temperature. In fact, Feltham and Meakin find 
that at about 500°C. the activation energy begins 
to increase rapidly, eventually reaching a value 
equal to the activation energy of self-diffusion 
(2-1 eV), close to 700°C. Sherby, Lytton and 
Dorn’ find similarly that H in pure aluminium 
ranges from about 0-1 to 1-0 times the activation 
energy of self-diffusion as the creep temoverature 
is raised from 77 to 880°K. It appears therefore 
that more than one value of H, and hence more 
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than one mechanism of creep, can occur and 
must be considered. 

The lowest barriers to the movement of dis- 
locations would be operative at the lowest tempera- 
tures. Glen,'’ for example, observed creep in 
cadmium crystals at 1—5°K. The extent of creep 
was very limited, just as in the case of the loga- 
rithmic creep observed by Feltham* in copper and 
alpha-brasses at 77—300°K. The former type of 
creep could be due to the conservative movement 
of jogs in screw dislocations to points on the 
dislocations where they are held up by the increas- 
ing edge-component of the dislocation; the latter 
form of creep appears to be due to a similar restric- 
ted movement cf edge dislocations.* Higher 
activation energies, close in magnitude to the 
energies of formation of vacancies, migration of 
vacancies, and self-diffusion could be interpreted as 
arising from the movement of jogs in fast moving 
dislocaticns by Seeger’s mechanism, and by the 
migration of jogs in dislocations having pre- 
dominantly edge or screw character respectively. 

The movement of a jog in a mixed dislocation 
induces slip and climb simultaneously; the climb 
could take place by the displacement of the jog 
facilitated by the uptake of vacancies adsorbed on 
the dislocation. 

Such a process could be regarded as consisting of 
climb in a vacancy supersaturation, and the obser- 
vation cf activaticn energies close to that of vacancy 
migraticn in the creep of copper has, in fact, been 
explained in this manner by Feltham and Meakin,’ 
who also discuss the movement cf jogged screw 
dislecations asscciated with an activation energy 
equal to self-diffusion, using a model as shown in 
fig. 6. A similar mechanism appears to occur also 
in the creep of alpha-brasses,'® but the jog kinetics 
seem to be rather more complex there than in 
copper. 

The fact that a single activation energy may not 
suffice to account for the characteristics of creep of 
pure metals even at comparatively high tempera- 
tures must therefore be taken into account in the 
theoretical treatment of creep. If two or more 
interdependent rate processes occur simultaneously, 
e.g. one leading to intragranular and one to inter- 
granular recovery, then whichever of the two is the 
slower cn¢ at any given temperature will control the 
creep rate; at another temperature, however, the 
roles may become reversed.’: '” 


Work-hardening and recovery 

In the discussion cf the effects of the mutual 
intersecticn cf dislocations on their mobility under 
stress we found that it led to the emergence of a 
temperature dependent frictional drag. We also re- 
ferred to cne fcrm of dislocation dislocation inter- 
action which led to recovery. If, according to the 
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8 Dislocation interactions. 
nodes, possibly due to interaction of an edge and screw 
dislocation of opposite Burgers vectors; ‘B’ triple nodes. 
Some of the dark clusters were observed to contain small 
loops. Specimen as in fig. 7, but strain rate somewhat less 


‘A’ shows two L-shaped 


suggestion previously made, recovery results in, 
and from, a loss of dislocations, then one should 
also expect that work-hardening would result in the 
converse, 2.e. in an increase of the density of dis- 
locations in the metal. 

Before considering this hypothesis further it 
should be remarked that dislocations will in 
general be stabilized by jogs or/and by compara- 
tively strong nodes} and junctions, such as are 
shown at ‘A’ and ‘B’ in fig. 8. This is not a restric- 
tive assumption, for dislocations which are not 
impeded in this or a similar manner would move 
under extremely small stresses, and would therefore 
either glide out of the crystal or, on encountering 
existing networks, join them or interact with them 
destructively. Thus the resistance to deformation 
must be regarded as deriving from dislocations 
which, as a result of interaction, have become 
‘collectively organized’ in comparatively stable 
configurations, such as networks locked by dis- 
locations of the Cottrell-Lomer type,? polygon 
walls or other sub-boundaries. 

Now, a correlation between progressive work- 
hardening and increasing parcellation of the 
crystal into comparatively strain-free ‘blocks’™ 
bounded by dislocation sub-boundaries has been 
suspected for many years, and recent researches 
utilizing micro-focus X-ray tubes, etch-pit methods 
and electron microscopy have confirmed the basic 


tThe empty space between the two L-shaped junctions 
at ‘A’ may be due to annihilation of part of two disloca- 
tions on intersection, e.g. where a screw dislocation on a 
(111) plane with Burgers vector [110] intersects an edge 
dislocation on a (111) plane with opposite Burgers vector 
[110]. This is not, however, established, for in some 
dislocation reactions similar modes may, in fact, be 
joined by a short piece of dislocation, which may remain 
invisible in the micrograph. 
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correctness of this picture. Just as in the special 
case of interaction previously considered (fig. 5), 
when two screw dislocations were lost, an increase 
in the dislocation density and stabilization of the 
dislocation network can result from similar inter- 
actions, for example by two edge dislocations 
which approach one another on intersecting slip 
planes. The two dislocations, which may be 
imagined as being straight at first, begin to expand 
into arcs as the stresses on them are increased and, 
before reaching positions at which they would 
become unstable and increase their lengths by 
operating as Frank-Read sources, they interact to 
give a Cottrell-Lomer dislocation§ over a small 
length where they first come into contact. They 
may, therefore, become stabilized in the expanded 
state by the immobile Cottrell-Lomer lock, with a 
resulting increase of total length of dislocation line 
in the area of their interaction. It should be noted 
that the operation of Frank-Read sources is not 
essential in this process, and probably does not 
occur at all frequently in deformed polycrystalline 
metals. 

The influence of the network on the critical 
resolved shear stress at which a crystal will begin 
to flow is reflected in the expression" 


= ~Gb> 


where G is the shear modulus, b the Burgers vector 
of glide dislocaticns and »% the statistically most 
probable spacing between locking points on dis- 
locations contributing to the flow. If the stress is 
subsequently held constant under isothermal con- 
ditions the crystal may be observed to creep; in the 
light of equaticn (9) this must mean that in the 
course of time new dislocations fulfil the criterion of 
equation (9) and contribute to the flow. Isothermal 
recovery must therefore result in a displacement of 
the distribution of lengths of network links to 
larger values, as we surmised above. 


If we are concerned with the creep of poly- 
crystals under tensile stresses, o, we can modify 
equation (9) by using the approximate relation‘ 


Teme ee Fae ee (10) 


§This and similar dislocation interactions in face- 
centred cubic metals have been studied by transmission 
electron microscopy; in metals of other symmetry, 
e.g. body-centred cubic, analogous reactions can take place, 
and have been observed."* 


Strictly, one should consider all the segments comply- 
ing with the equation + 7 Gb, t pas RR 
where 7; is the magnitude of the internal stress field near 
the i-th segment, due to the presence of neighbouring 
dislocations. However, =; can be either positive or 
negative, so that on summing both sides over all 7’s, and 
taking means, one can expect all 7;’s to cancel out very 
nearly, leaving us with equation (9). 
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which, together with equation (9) yields 
éa/ ét CR ae) GAUSS .554>00085snen (11 


With equations (2) and (11) the isothermal creep 
rate under constant stress becomes 


Gels == .(AGO/28 yx) OA) OE os ce eece sewn’ (12 


where @)/ét represents the velocity with which 
the characteristic separation of adjacent nodal 
points on dislocations would increase if the metal 
were held at constant strain. In order to be able to 
solve equation (12) this velocity would have to be 
expressed in terms of the velocity of jog migration 
(equation (6) ) (as this facilitates changes of 4); 
the dependence of the coefficient of work-hardening 
y on 2, t and T would also have to be known. An 
approximate relation between the two velocities can 
be derived for specific modes of jog migration, 1.e. 
as discussed previously with reference to fig. 6; the 
position is less satisfactory with regard to the 
functional form of . 


Steady-state creep 

The problem simplifies somewhat if one con- 
siders only the steady stage of creep, which is 
observed at high temperatures after the initial stage 
of decelerating, transient, deformation. One then 
has the additional condition 


d?c/dz?=—0. 


which implies that the rate of work-hardening and 
the rate of recovery are equal. The ‘equilibrium’ 
values of y and 2, in principle obtainable with this 
relation from equation (12), are no longer functions 
of the time t. We shall denote these parameters by 
ye and 4,, remembering that both are still dependent 
on T. 

Next, in order to find a relation between v; and 
@>/ ét we shall use as a rather rough model a single 
representative dislocation approximately semi-cir- 
cular in shape, as suggested by the ‘Frank-Read’ 
equation (9), in which jogs are held up in the 
‘mixed’ parts, denoted by s in fig. 9. 

The passage of one jog over the length s will 
induce climb by one interatomic spacing and, at 
the same time, facilitate the expansion of the loop 
in the slip plane, also by a few b. If the mean 






3 4 an/ar 


x 
9 ‘Mixed’ screw/edge parts, s, of a nearly semi-circular 
dislocation of diameter > 
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spacing between jogs on s is /, then the loop will 
expand due to slip at a velocity 


avbl,lsaslib 


where v; is as defined by equation (6). This result 
is to be regarded only as an order of magnitude 
estimate; further refinement of the model would at 
present be scarcely worth while. 

By combining equation (14) with equations 
(12) and (4), writing < for the equilibrium value of 
the creep rate, one obtains, with « ie 


&=(cG) 7-22) b{(b 1.) vb exp{-[(H-gs) RT]} . .(15 
where 
q = b*l,/c 


the subscripts in each case referring to the equi- 
librium value as attained in the steady stage of 
creep. On comparing equation (15) with equation 
(3) the first bracketed term is seen to relate to the 
density of active dislocations. Making reasonable 
assumpticns about the magnitudes cf the para- 
meters in that term, e.g. c 2, Gixe 50, and 
he 3 10~* cm., one obtains ¢ ~10"/cm.?- On 
collecting the pre-exponential terms in equation 
(15), writing 


A(T) 


one finds, with /, assumed equal to 3 10-° cm 
J 10" sec., and b* 1S x 10-* cm.’ : A(T) 
50 sec.~', which is rather less than two times the 
value cf this parameter obtained experimentally in 
copper at 400°C." If, further, one takes I/c in 
equaticn (15) equal to about 0-3, then the value of 
l, assumed in obtaining A(T) is also of the same 
order as obtained by experiment.'® The magnitude 
of A(T) increases by a factor of about 2,000 in 
polycrystalline copper during the transition to a 
higher activation energy in the range 550—700°C., 
and this can be accounted for to a large extent on 
considering that if jogged screw dislocations 
become rate controlling then A(T) should be 
/,/b times larger than indicated by equation (16). 
The importance of equation (15), and of similar 
relations obtainable as indicated in the last para- 
graph, lies in the fact that it points to the role of the 
elastic constants and the coarse and fine substruc- 
tures, represented by - and /, respectively, in 
creep. It also provides a useful starting point in 


on oft 


WIf jogs in screw dislocations are rate controlling then 
one obtains instead of equation (14) the relation 
Od) &t = vy; v; is then associated with an activation energy 
equal to that of self-diffusion, and not with one approxi- 
mately equal to vacancy migration as in relation to equa- 
tion (14). The steep increase in the value of the pre- 
exponential term in the equation of the steady creep rate 
in the temperature range in which a pronounced increase 
occurs in the activation energy has been observed, for 
example, in copper.’ 
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considerations bearing on practical problems of the 
creep resistance of alloys. A major problem which 
has yet to be solved is the determination of >. and 
1, in terms of the creep variables. Both appear to 
increase appreciably with temperature,” but 
the significance of this temperature dependence 
may have to await further systematic experimental 
work for its fuller elucidation. 


Creep fracture 

Extensive work, in particular by high-temperature 
microscopy,'® seems to show that the damage 
eventually leading to creep fracture continues to 
accumulate throughout the creep process, and does, 
in fact, appear to be a by-product of the deforma- 
tion mechanism. This also appears to be borne out 
by the relation frequently observed to hold for 
metals and alloys:’: 


where ¢ has the same significance as in equation (15), 
tyr is the time to fracture, and ¢, a constant having 
the dimensions of strain. 

A process of dislocation ‘disintegration’ rc.ulting 
in the formation of small dislocation loops is 
frequently indicated in transmission electron micr)- 
graphs of metal foils which have crept. Some 
the loops contract and disappear, e.g. at ‘B’ in 
fig. 7; but occasionally clusters of very small loops 
are observed which appear to have considerable 
stability, such as at “C’ in fig. 7. It is possible that 
the nucleation and growth of holes may be particu- 
larly favoured at such spots, especially if they lie 
close to boundaries or dense dislocation sub- 
boundary networks in which a high concentration 
of vacancies may be expected. Once nucleated, 
propagation may be favoured by some form of 
‘Griffith’ criterion. Again, however, more specific 
conclusions will have to await the results of further 
work. 


Acknowledgments 
I am indebted to Mr. R. Sinclair for taking the 
electron micrographs reproduced in this paper. 


References 
1) P. Feltham, METAL TREATMENT, 18, 399 
2) A. H. Cottrell, ‘Dislocations and Plastic Flow in, Crystals,’ 
Cc armen Press, Oxford, 1953 

F N. Nabarro, Advances in Ph * 1952, 1, 

J FE Ww. Bishop and R. Hill, Phil , 1951, 42, 1208 

R. Maddin and A. H. Cottrell, Jbid., at 355, 46, 735 

A. Seeger, Jbid., 1955, 46, 1194 

) P. Feltham and j D Meakin, Acta Met., 

)P 259 

Oo. 

P 


1951, 


1959, 7, 614. 
Feltham, Phil. Mag., 1961, 


6, 
. Same i. ee ‘toe, and J E. Dorn, Acta Met., 1957 


=) SHIFGSG 


Feltham and G. J. Copley, Phil. Mag., 1960, 5, 649 
V.N 
Met 


Shcherbakov, L. N ‘. “we and I. S. Osipov, Fiz 

Metaliloved., 1960, 9, 

. Whelan, oe Roy. Soc “Ua, 1958, 249, 

13) ington, K. F. Hale, and D. McLean, Ted. 

(14) P. Feltham, Phil. M 1961, 6, 209 

(15) P. Feltham, Jbid., 1 7, 2, 584. 

(16) -* Me hg ym ‘Hi en | piontiognagiey. Pergamon 
London and New York, 

17) J ‘Glen, Phil. Mag., 1956, 1, <0. 


az 


1960, 259, 203 























november, 1961 





To REPLACE three oil-fired furnaces, the Austin 
Motor Co. Ltd. of Longbridge, near Birmingham, 
have installed a two-tunnel induction heater for 
the forging of manganese-molybdenum billets. 
This new furnace, specially designed by G.W.B. 
Furnaces Ltd., will do twice the work of the three 
conventional-type furnaces. Connecting rods for 
British Motor Corporation engines are finally 
produced from the billets. 


Although the principle of induction heating has 
been established for some considerable time, it is 
only in recent years that the many advantages 
offered by such equipment has been fully realised. 
The heating achieved by this method is faster than 
by any other process. It is economic, efficient and 
the equipment is compact and takes up a relatively 
smal] amount of floor space. The plant is clean, 
and cool working conditions are obtained, an 
important factor which plays a considerable part in 
the obtaining of higher production performances 
by its operators. 

All these advantages were considered by Austin 
engineers before they specified induction heating. 

The new furnace, capable of heating up to 
a temperature of 1,250°C., is wholly engaged in the 
heating of En 16 steel billets measuring 1 in. 
square < 8§ in. long and 1} in. square 7§ in. 
long, each billet making a pair of con rods. Depen- 
dent upon which size of billet is being heated, the 
larger weighs 6-5 lb. and the smaller 4-8 Ib. 
approx.; they can? be discharged from each coil at 
th: rate of one every 13 to 14 sec. Pneumatic 
interlccked pushers operate on a preset time cycle 
and load one billet into each of the two coils 
alternately to give a workpiece discharge of one 
billet/6-5-7 sec. from both coils. 
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After heating to the required temperature the 
billets then fall on to an inclined chute which 
delivers them to the bed of a Wilkins & Mitchell 
reducing roll. After three rolling operations the 
billets are hand fed into a Hasenclever forging 
press where they are flattened, moulded and 
finished. Finally, they are clipped on a Wilkins 
& Mitchell clipping press. 

The coils, which are the hearts of the furnace, 
are formed from high-conductivity water-cooled 
conductors. Each coil is 58 in. long. 

Electrically. the billet heater is arranged as two 
independent units and can be run as a single-tunnel 
equipment if required. The control panel, and 
similarly the power equipments, are arranged in the 
form of two separate sets. 

The panel, designed by G.W.B.’s Furnace 
Division and built by the company’s Control Gear 
Division, houses the mechanical handling control 
equipment, the alternator regulators and the 
automatic power factor control equipment for each 
of the twin coils. 


Automatic power factor correction is effected by 
switched capacitors mounted within the base of the 
furnace units, which also house the main isolating 
contactors and water-cooled matching transformers. 


The coil units are mounted above this control 
panel and stand about 8 ft. from the ground. The 
cropped billets are loaded at floor level on to a 
flighted conveyor which delivers them to the coil 
charging position. 

Two 300-kW., 2,500-c./s. motor alternator sets 
are incorporated, each consisting of a 485-h.p. 
induction motor mounted on a common bedplate 
with one alternator. 
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Foundry moulding sands of India 


By Mohan, Krishnan, Nijhawan, Gupte and Somayajulu 
Council of Scientific and Industrial Research, India. 
Pp. 180, 16 illustrations, 147 tables. 30s. net (15 Rs.). 


HEAVY INDUSTRIAL development in India is now well 
advanced, and future projects are planned for the near 
future. The Indian foundry industry is in the process 
of being geared to these developments to cope with 
expansion of existing plant and demands from new 
industries. 


The common factor to the foundry industry is sand 
and clay suitable for mould and core making and, under 
the above conditions, greater quantities of known quality 
materials will be required 


The book takes the form of a monograph, tabulating the 
necessary data of many suitable sands and is divided, 
broadly, into two sections. Firstly, a general introduction 
of four chapters dealing with occurrence, basic character- 
istics and methods of testing, the latter describing in some 
detail the individual test procedure (although 10 blows 
of the standard rammer for making the shatter index 
test-piece is not routine practice 

The information given here forms the terms of reference 
for the second section of six chapters, tabulating and 
reporting specific data of 21 natural moulding sands, 
11 crude-silica sands, 10 high-silica sands, one special 
sand (zircon) and four bonding clays. 


It is this second section that justifies publication. Each 
sand is dealt with separately, giving its geographical 
occurrence and the name of the company through which 
it is obtained. Physical and petrological examination, 
fusion and or sintering point and moulding characteristics 
are dealt with exhaustively but concisely and, by way of 
a conclusion, recommendations are made as to its suita- 
bility to make castings of different types and materials. 


Macrophotographs at 25 magnifications of each of the 
sands are reproduced quite clearly and give a good 
impression of the sand under investigation. Cumulative 
grading curves likewise help in this way, although inter- 
pretation from such a curve is difficult, the more simple 
block or line graph being preferred by the reviewer 
However, the actual size grading percentages for each 
sieve number is also given, so that relevant information 
could be replotted <o individual preferences 

High-tempersture performance is adequately reported 
by means of tabulated data and photographs of prepared 
test-pieces fired at different temperatures. 

Moulding properties of the silica and special sands 
pre-suppose the additions of clay, water, etc. A standard 
addition of 5°,, Bihar bentonite with variable H,O content 
puts these different sands on to a common footing for 
comparative purposes. The data is clearly tabulated. 

Similarly, the chapter dealing with bonding clays uses 
a washed Rajmahal high-silica sand as a control, with 
variable clay and water additions. 


Both the Bihar bentonite and the Rajmahal sand are 
dealt with in their respective chapters. 

The presentation of such a mass of detail always sets 
problems to both publisher and printer. It is thought 
that the individual sections within the chapters could 
have been made more distinct and the absence of an 
index makes the search for a single piece of information 
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unnecessarily prolonged. Also the reviewer wonders how 
familiar even Indian nationals are of the geography and 
geology of their own sub-continent; a few clear maps 
would greatly assist in this respect. 


Such a volume can have little value outside the field to 
which it is directed, but to the Indian foundry industry 
it would appear to be an absolute necessity, especially as 
it is intended to issue further booklets from time to time 
on similar lines as mew sand and clay deposits are 
discoverei1 and developed. 


T. H. L. Bonn 


Physical metallurgy 


By C. Ernest Birchenall. McGraw-Hill Book Co., New 
York, 1959. Pp. 323. £3 6s. net. 


Physical metallurgy 


By Bruce Chalmers. John Wiley & Sons, New York, 
1959. Pp. 468. £5 net 


THESE TWO BOOKS cover very much the same ground and 
are directed at much the same audience—university 
students of metallurgy who are starting the study of 
physical metallurgy. Both books claim to introduce the 
new concepts of physical metallurgy that have become of 
great importance in the last few years, e.g. imperfections 
of crystals, the new concepts of strain-hardening, nuclea- 
tion and so forth. Prof. Chalmer’s book is the longer 
with 468 pages against 323 of Prof. Birchenall’s book. 
Prof. Chalmer’s book is rather more practical since it 
mentions such matters as continuous casting, shell 
moulding, machining and such practical matters. It is 
doubtful whether such mention is worth while since 
presumably any student starting the study of physical 
metallurgy in a university is well aware that ‘a sand 
mould is made in two parts, each part being moulded 
on a pattern which represents the appropriate part of 
the required shape.’ If such a student by some mischance 
was unaware of this fact he would be unlikely to consult 
a text on physical metallurgy to remedy the deficiency. 

There are other minor differences. Prof. Birchenall 
allows 25 p»ges to describe classical and X-ray crystallo- 
graphy. Prof. Chalmers hardly deals with this uspect of 
physical metallurgy and, in fact, crystallography as such 
is not mentioned in his index. Prof. Chalmers covers 
fatigue in six pages—Prof. Birchenall in about two. 
Prof. Chalmers gives half a page to hydrogen embrittle- 
ment, quoting Zappe’s theory of high-pressure bubbles 
without mentioning that Troiano and others dispute this 
theory; Prof. Birchenall does not mention hydrogen 
embrittlement. 


Both books can be recommended as succeeding in 
what they set out to do, namely to give an introduction 
to the modern concepts of physical metallurgy, but, of 
course, can only give an introduction. Both are well 
printed and clearly illustrated. The reputations of both 
authors are a guarantee of the soundness of the texts. 
Which is brought by a student is a matter of taste; the 
reviewer prefers Prof. Birchenall’s, but would be hard 
put to justify his choice. 


J. H. RENDALL 
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Electrical Aids in Industry 
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Data Sheet 





Factory Heating—2 


It is impossible in this Data Sheet to 
describe in detail every type of electric 
heater on the market, but a representa- 
tive selection is dealt with below. Each 
type of building presents its own prob- 
lem, and the best plan is to seek advice 
from your Electricity Board, who will be 
pleased to help 

‘OFF PEAK’ ELECTRIC HEATING 
Because the * off peak’ load makes use of 
generating and distributing equipment 
when it would otherwise be idle or under- 
loaded, the Electricity Boards offer cheap 
‘off peak * tariffs. Three types of ‘off peak * 
heating systems are available, namely: 
(a) Hot water storage heating: This con- 
sists of a conventional hot water radiator 
or pane! heating system through which 
hot water from a large storage vessel is 
circulated. The water in the storage 
vessel is heated electrically during the 
‘off peak’, low tariff hours and is circu- 
lated when required through the radia- 
tors or panels. 
(b) Block storage heaters: These heaters 
consist essentially of a number of fire- 
brick blocks which are heated up during 
the * off peak * hours by means of suitable 
electric heating elements. The storage 
heaters are clad with a layer of suitable 
heat-insulating material and are housed 
in a sheet metal casing, the design being 
such that the stored heat is gradually 
dissipated throughout the day by means 
of radiation and convection. These 
heaters can easily be installed in existing 
buildings. 


(c) Floor warming: In an ‘ off peak’ floor 
warming installation, electric heating 





Plan view of room 


leometrir view of heating cable 


cables or ducts housing withdrawable 
cables are embedded in the concrete floor 
of the building. The cables are switched 


on and the floor is heated up during the 
‘off peak’ hours, and the mass of con- 
crete and screed of the finished floor has 
sufficient thermal storage capacity to 
heat the building during the period when 
current is not available. This method is 
only applicable to new buildings 


DIRECT ELECTRIC HEATING 


(a) Unit heaters: These consist of a bank 
of electric heating elements fixed in a 
casing on which is mounted a fan which 
draws or blows air over the heating 
elements and discharges it in the required 
direction. Such units are mounted on 
the walls or stanchions or hung from the 
roof members in appropriate positions 
throughout the works 
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(b) Infra-red heaters: These consist of 
heating elements usually of the sheathed 
metal or silica tube type mounted in a 
polished reflector. They operate at tem- 
peratures from 700° to 900°C, and give 
off the greater part of their heat output 
by radiation. They are mounted overhead 
and are particularly useful for providing 
local areas of comfort in spaces not 
otherwise heated 





(c) Tubular heaters: These take the form 
of tubes approximately 2° in diameter 
containing an electric heating element 
and are available in lengths from 2 to 17 
feet. The normal loading is 60 watts per 
foot run and the surface temperature is 
from 180° to 200°F. They are usually 
placed round the walls at skirting level, 
but also can be used at high level in 
order to prevent downdraughts 





For further information get in touch with 
your Electricity Board or write direct to 
the Electrical Development Association, 
2 Savoy Hill, London, W.C.2. Telephone 
TEMpie Bar 9434. 

Excellent reference books on the indus- 
trial and commercial uses of electricity and 
reprints of articles and papers are available 

E.D.A. have available on free loan in the 
U.K. a series of films on the industrial uses 
of electricity. Film and Book catalogues 
and Publications List sent on request. 
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NEWS 


The LS.L. in the U.S. 

AsouTt 250 MEMBERS of the Iron and Steel Institute and 
guests have been in the U.S. for the special meeting of 
the Institute. Most were, of course, from the U.K., but 
other countries were well represented, including some 
members from Egypt, India, and Japan. The visitors 
were welcomed last month at the new United Engineering 
Centre of the American Institute of Mining, Metal- 
lurgical and Petroleum Engineers, New York City, by 
Mr. J. S. Smart, Jr., president of the AIME 

Mr. Ernest Kirkendall, secretary of AIME, made the 
announcement that Sir Charles Goodeve had been elected 
to life membership of the AIME. 

* Three centuries of progress in the American iron and 
steel industry ’ was the title of a lecture, delivered by 
Dr. James B. Austin, administrative vice-president, 
research and technology, United States Steel Corporation, 
and chairman of the Sponsoring Committee of the Metal- 
lurgical Society of the AIME. 

Sir Charles Goodeve, after expressing appreciation of 
Dr. Austin’s informative lecture, announced the election 
of Dr. Austin as a vice-president of the I.S.I. He is the 
seventh American to receive this honour 


1.8.1. autumn general meeting 

Autumn general meeting of the Iron and Steel Institute 
and a meeting of the Iron and Steel Engineers Group 
will be held in London on November 29 and 30 and 
December 1. 

The technical sessions—to be held at the Federation 
of British Industries, Tothill Street, S.W.1, and at the 
offices of the Institute—will comprise a symposium on 
the future of ironmaking in the blast furnace, short 
sessions on the thermodynamics of slags, oxidation and 
scale, bainite, and high~alloy steels, and a session on the 
energy balance of integrated iron and steel works. 

Lectures on the ‘ British steel industry and the Com- 
mon Market’ are being delivered by Mr. C. R. Wheeler, 
president of the British Iron and Steel Federation, and 
Dr. E. N. van Kleffens, head of the delegation of the 
High Authority of the European Coal and Steel Com- 
munity in the United Kingdom, on Wednesday evening, 
November 29, at Church House, London, S.W.1. 

The council of the Iron and Steel Institute has accepted 
an invitation from the Indian Institute of Metals and the 
National Metallurgical Laboratory, Jamshedpur, to hold 
a special meeting in India in the early spring of 1963. 


£4} million expansion scheme by Firth-Vickers 

Firth-Vickers Stainless Steels Ltd., of Sheffield, an- 
nounces a scheme for modernizing and reorganizing their 
facilities for the production of plates and wide sheets 
The scheme will cost in the region of £4,500,000 and take 
three or four years to complete, having to be carried out 
in stages to avoid undue interference with production. 

The first stage is bascially the replacement of obsolete 
mills by a new 80-in. wide hot reversing mill with fully 
mechanized ancillary equipment for the production of 
plates up to 6 ft. finished width and from }; in. to 1 in 
thickness. The mill will also be capable of rolling sheets up 
to 6 ft. wide which will subsequently be further reduced 
in thickness by cold rolling. 

Plate production, including the mill, will form a new 
plant to be erected at Shepcote Lane, Sheffield. Civil 
engineering work in preparation of the site has already 
commenced. 

Completion of the installation of this plant will be 
followed by a reorganization of the facilities for cold 
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rolling and final processing of wide sheets at the com- 
pany’s Staybrite Works, extending the handling capacity 
of the plant from the present 48 in. to 72 in. wide. 

This scheme is the latest of a series covering the 
modernization of the company’s equipment for the pro- 
duction of stainless steel in its various forms which have 
been undertaken since the end of the last war 


Continuous casting plant for Tube Investments 
Following inspection of existing continuous casting plants 
in England and on the Continent, Tube Investments 
Ltd. have decided to install a Concast continuous casting 
machine at their Round Oak Steel Works, Brierley Hill, 
Staffs. 

The machine will be the pilot plant for experimental 
and research work for special products for the whole 
T.1. group. It is to be built and erected by Distington 
Engineering Co. Ltd., Workington, a subsidiary of the 
United Steel Companies Ltd., and associates of Concast 
A.G., Ziirich, in the field of continuous casting. 

The Round Oak plant will be a single-strand unit 
designed to cast killed carbon steels into 2-in. to 6-in. 
sections. Liquid steel produced in an electric arc furnace 
will be poured from a 5-ton ladle on to a tundish feeding 
direct into a water-cooled copper mould. 


COMPANY NEWS 


Johnson, Matthey & Co. Ltd. have acquired the majoriry 
of the shares of the leading Belgian precious metal 
company, Pauwels Fréres S.A. The future name of the 
Belgian company will be Johnson Matthey & Pauwels 
S.A. Mr. H. Limbourg, hitherto general manager, 
becomes managing director, and Mr. L. Mendel the 
general manager, while Mr. R. Turner and Mr. P. G. 
Smyrk (directors of Johnson Matthey) join the board of 
the Belgian company. 


From November | the vacuum furnace activities of Efco 
Furnaces Ltd. will be handled by a new division with 
offices, design and manufacturing facilities at Sheer- 
water, near Woking in Surrey. Mr. M. J. Severs, B.sc., 
A.M.1.MECH.E., formerly with the furnace department of 
the General Electric Co. Ltd., has been appointed tech- 
nical manager of the new division and Mr. W. Kuyser, 
B.SC., previously vacuum sales manager of General 
Engineering Co. (Radcliffe) Ltd., has been appointed 
sales manager. 


Universal Metallic Packing Co. Ltd., manufacturers of 
‘Deva’ metal, heat exchangers and other engineering 
products, has now opened London offices at 168 St. 
Stephen’s House, Westminster, S.W.1, where Mr. E 
Etherington is in control. 


A new company, G.E.C. (Engineering) Ltd., bas been 
formed to take over and develop the engineering activities 
of the General Electric Co. Ltd. This is in accordance 
with the new policy of the G.E.C. to form its manu- 
facturing groups into subsidiary companies. 

The manufacturing resources of the new company 
comprise the Electrical Engineering Works at Witton, 
Birmingham, and the Mechanical Engineering Works at 
Erith, Keut. The total number of employees exceeds 
15,000. 

The board of directors of the new company will 
operate from headquarters in London, negotiations for 
the acquisition of suitable premises for which are at 
present in progress. 
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INCONEL furnace equipment helps to keep down production costs 
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machines, adding machines and cash registers 
Furnace racks of specia! design in INCONEL alloy are employed 
during gas-carburising to permit free circulation of the 

furnace atmosphere around the metal parts to be hardened 

Low mass and small heat content of the strong, light weigh 





INCONEL racks appreciably cuts furnace heat-losses and 
saves operational costs. The alloy’s excellent resistance 
to oxidation and scaling also increases the 

working life of racks, thus avoiding frequent 
replacement and maintenance hold-ups. 
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NEWS 


The LS.L. in the U.S. 
Asout 250 MEMBERS of the Iron and Steel Institute and 
guests have been in the U.S. for the special meeting of 
the Institute. Most were, of course, from the U.K., but 
other countries were well represented, including some 
members from Egypt, India, and Japan. The visitors 
were welcomed last month at the new United Engineering 
Centre of the American Institute of Mining, Metal- 
lurgical and Petroleum Engineers, New York City, by 
Mr. J. S. Smart, Jr., president of the AIME 

Mr. Ernest Kirkendall, secretary of AIME, made the 
announcement that Sir Charles Goodeve had been elected 
to life membership of the AIME 

‘ Three centuries of progress in the American iron and 
steel industry” was the title of a lecture, delivered by 
Dr. James B. Austin, administrative vice-president, 
research and technology, United States Steel Corporation, 
and chairman of the Sponsoring Committee of the Metal- 
lurgical Society of the AIME 

Sir Charles Goodeve, after expressing appreciation of 
Dr. Austin’s informative lecture, announced the election 
of Dr. Austin as a vice-president of the I.S.I. He is the 
seventh American to receive this honour 


1.8.1. autumn general meeting 

Autumn general meeting of the [ron and Steel Institute 
and a meeting of the Iron and Steel Engineers Group 
will be held in London on November 29 and 30 and 
December 1. 

The technical sessions—to be held at the Federation 
of British Industries, Tothill Street, S.W.1, and at the 
offices of the Institute—will comprise a symposium on 
the future of ironmaking in the blast furnace, short 
sessions on the thermodynamics of slags, oxidation and 
scale, bainite, and high-alloy steels, and a session on the 
energy balance of integrated iron and steel works. 

Lectures on the ‘ British steel industry and the Com- 
mon Market ’ are being delivered by Mr. C. R. Wheeler, 
president of the British Iron and Steel Federation, and 
Dr. E. N. van Kleffens, head of the delegation of the 
High Authority of the European Coal and Steel Com- 
munity in the United Kingdom, on Wednesday evening, 
November 29, at Church House, London, S.W.1. 

The council of the Iron and Steel Institute has accepted 
an invitation from the Indian Institute of Metals and the 
National Metallurgical Laboratory, Jamshedpur, to hold 
a special meeting in India in the early spring of 1963 


£4} million expansion scheme by Firth-Vickers 

Firth-Vickers Stainless Steels Ltd., of Sheffield, an- 
nounces a scheme for modernizing and reorganizing their 
facilities for the production of plates and wide sheets 
The scheme will cost in the region of £ 4,500,000 and take 
three or four years to complete, having to be carried out 
in stages to avoid undue interference with production. 

The first stage is bascially the replacement of obsolete 
mills by a new 80-in. wide hot reversing mill with fully 
mechanized ancillary equipment for the production of 
plates up to 6 ft. finished width and from j, in. to 1 in 
thickness. The mill will also be capable of rolling sheets up 
to 6 ft. wide which will subsequently be further reduced 
in thickness by cold rolling. 

Plate production, including the mill, will form a new 
plant to be erected at Shepcote Lane, Sheffield. Civil 
engineering work in preparation of the site has already 
commenced. 

Completion of the installation of this plant will be 
followed by a reorganization of the facilities for cold 
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rolling and final processing of wide sheets at the com- 
pany’s Staybrite Works, extending the handling capacity 
of the plant from the present 48 in. to 72 in. wide. 

This scheme is the latest of a series covering the 
modernization of the company’s equipment for the pro- 
duction of stainless steel in its various forms which have 
been undertaken since the end of the last war 


Continuous casting plant for Tube Investments 
Following inspection of existing continuous casting plants 
in England and on the Continent, Tube Investments 
Ltd. have decided to install a Concast continuous casting 
machine at their Round Oak Steel Works, Brierley Hill, 
Staffs 

The machine will be the pilot plant for experimental 
and research work for special products for the whole 
rl. group. It is to be built and erected by Distington 
Engineering Co. Ltd., Workington, a subsidiary of the 
United Steel Companies Ltd., and associates of Concast 
A.G., Zirich, in the field of continuous casting. 

The Round Oak plant will be a single-strand unit 
designed to cast killed carbon steels into 2-in. to 6-in 
sections. Liquid steel produced in an electric arc furnace 
will be poured from a 5-ton ladle on to a tundish feeding 
direct into a water-cooled copper mould 


COMPANY NEWS 


Johnson, Matthey & Co. Ltd. have acquired the majority 
of the shares of the leading Belgian precious metal 
company, Pauwels Fréres S.A. The future name of the 
Belgian company will be Johnson Matthey & Pauwels 
S.A. Mr. H. Limbourg, hitherto general manager, 
becomes managing director, and Mr. L. Mendel the 
general manager, while Mr. R. Turner and Mr. P. G. 
Smyrk (directors of Johnson Matthey) join the board of 
the Belgian company. 


From November | the vacuum furnace activities of Efco 
Furnaces Ltd. will be handled by a new division with 
offices, design and manufacturing facilities at Sheer- 
water, near Woking in Surrey. Mr. M. J. Severs, B.sc., 
A.M.1.MECH.E., formerly with the furnace department of 
the General Electric Co. Ltd., has been appointed tech- 
nical manager of the new division and Mr. W. Kuyser, 
B.SC., previously vacuum sales manager of General 
Engineering Co. (Radcliffe) Ltd., has been appointed 
sales manager. 


Universal Metallic Packing Co. Ltd., manufacturers of 
‘Deva’ metal, heat exchangers and other engine ring 
products, has now opened London offices at 168 St. 
Stephen’s House, Westminster, S.W.1, where Mr. E 
Etherington is in control. 


A new company, G.E.C. (Engineering) Ltd., has been 
formed to take over and develop the engineering activities 
of the General Electric Co. Ltd. This is in accordance 
with the new policy of the G.E.C. to form its manu- 
facturing groups into subsidiary companies. 

The manufacturing resources of the new company 
comprise the Electrical Engineering Works at Witton, 
Birmingham, and the Mechanical Engineering Works at 


Erith, Kent. The total number of employees exceeds 
15,000. 
The board of directors of the new company will 


operate from headquarters in London, negotiations for 
the acquisition of suitable premises for which are at 
present in progress. 
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INCONEL furnace equipment helps to keep down production costs 
for the National Cash Register Co. (Manufacturing) Ltd, 
luring heat-treatment of components for their accountir 
machines, adding machines and cash registers 
Furnace racks of specia! design in INCONEL alloy are employed 
luring gas-carburising to permit free circulation of the 





furnace atmosphere around the metal parts to be hardened 
Low mass and small heat content of the strong, light weight 
INCONEL racks appreciably cuts furnace heat-losses and 
saves operational costs. The alloy’s excellent resistance 
to oxidation and scaling also increases the 

working life of racks, thus avoiding frequent 
replacement and maintenance hold-ups. 
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PEOPLE 


THE COUNCIL of the Iron and Steel Institute has decided 
to nominate Mr. M. A. Fiennes, M.1.MECH.E., group 
managing director of Davy-Ashmore Ltd., at the Insti 
tute’s autumn general meeting on November 29 fo: 
election at the annual general meeting on May 2, 1962, 
as president for 1962-63 


Mr. J. B. Simpson, A.C.S.M., M.1.M.M., M.I.MIN.E., 
mining consultant to Anglo-French Exploration Co. Ltd., 
has been elected president of the Institution of Mining 
and Metallurgy for 1962-63. 

He was educated at Bedford and, after service in the 
R.A.F. in 1918-19, was trained at the Camborne School 
of Mines from 1919 to 1922. Until 1928 he was engaged 
in tin mining in Cornwall, Northern Nigeria and Bolivia, 
after which he spent nine years at the Champion Reefs 
mine on the Kolar Gold Field, South India, and one tour 
on the Gold Coast at Konongo Gold Mines in 1938-39 

During the war years Mr. Simpson served in the 
Royal Engineers. At the end of 1942 he succeeded the 
late Col. L. C. Hill as C.R.E. in command of the Ist Tun- 
nelling Group, R.E., until 1945. 

After the war Mr. Simpson joined New Consolidated 
Gold Fields as assistant engineer in the London office 
and remained there for ten years, ultimately succeeding 
Mr. A. R. O. Williams as resident engineer 

Mr. Simpson joined the Institution as a student in 
1921, and was elected an associate member in 1927 and 
a member in 1944. He served on the council from 1951 
to 1958 and has held office as a vice-president since 1959 
He has served on the management committee of the 
Benevolent Fund for the last 11 years, as chairman since 
1956. He is a governor of the Camborne School of 
Metalliferous Mining. 

He will take office in May, 1962, in succession to Mr 
A. R. O. Williams, 0.B.£., A.R.S.M., B.SC. 


The council of the Industrial Welfare Society an- 
nounced the appointment of a new director after a special 
meeting. Mr. John Garnett becomes the Society’s 
third director in its 43 years’ existence. The vacancy 
arose earlier this year when Mr. John Marsh accepted 
an invitation to become director of the British Institute 
of Management. 

Mr. Garnett comes to the Industrial Welfare Society 
from Imperial Chemical Industries Ltd., where he is 


currently responsible for the communications section of 


the Central Labour Department at head office. He 
joined Ic! after demobilization from the RNVR in 1946 and 
has had wide experience on both the sales and labour 
sides in several divisions of the company. Immediately 
prior to his current assignment at head office he was 
personnel manager, responsible for staff and labour of 
the Plastics Division. 


At the first meeting of the newly-elected council of 
the Institution of Works Managers after the annual 
general meeting, held on October 28, the Rt. Hon. 
Lord Piercy, C.B.£., was re-elected president for the 
ninth successive year. 

The outgoing chairman, Mr. A. M. Hudson-Davies, 
O.B.E., M.A., was succeeded in office by Mr. John Ayres, 
M.LE.E., M.LP.B., Fellow of the Institution of Works 
Managers, managing director, Simms Motor Units. 


Having been chairman of the Vitreous Enamel Develop- 
ment Council since its formation in 1956, Mr. S. W. 
Vickery, managing director of Ferro Enamels Ltd., has 
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resigned. His place will be taken by Mr. N. F. Farker, 
managing director of Stewart & Gray Ltd. Mr. Vickery 


will continue to serve as a director of the VEDC. 


Ihe chairman of the Griffin & George group of com- 
panies announces the appointment of Dr. Dennis S. 
Beard, PH.D., A.INST.P., A.R.C.S., B.SC., to the board of 
Griffin & George (Sales) Ltd. in the capacity of technical 
sales director 

Dr. Beard, born in August, 
schools in Essex and London 
Imperial College, London, in 1940 to take a degree in 
physics. After a period in the Department of Naval 
Construction as administrative head of the radiographic 
section he was awarded an I.C.1. research fellowship in 
the Department of Chemistry at Leeds University 
1947-51 During this period he visited the United 
States to take courses at the Massachusetts Institute of 
Technology and Columbia University, later returning to 
take up a post with the National Research Development 
Corporation (1951-54). 

He joined the Griffin & George organization in 1960 
from the Norwich City College where he had been a 
lecturer of physics and mathematics 


1922, was educated at 
before moving on to 


Mr. William H. Rigg, 8.sc., has been appointed 
managing director of Firth Cleveland Tools Ltd., a 
member of the Firth Cleveland Group. He will operate 
frou the company’s Tipton Works in Staffordshire. 

Mr. Rigg was born in Torquay in 1913 and educated 
at Malvern College, Worcestershire. He studied for two 
years at the City and Guilds College, London, from 
1931 to 1932, and in the following year received his 
B.Sc. degree. 

He began his career as an engineering student with 
W. H. Allen, Sons & Co. Ltd. in Bedford, and after 
gaining experience in production engineering with several 
firms joined Vono Ltd., of Tipton, as production manager 
in 1937. 

Two years later he was made works manager, then a 
director in 1941, and acting managing director in 1942 
at the age of only 29 years. At that time he also became 
a director of Duport Foundries Ltd., which with Vono 
Ltd. subsequently merged in the present Duport Group. 

At the end of the Second World War Mr. Rigg decided 
to leave and set up his own specialist team of engineering 
consultants. Over a period of six years he successfully 
carried out contracts for industrial concerns and Govern- 
ment departments, including the design and manufacture 
of special foundry equipment, electronic instruments and 
high-speed cameras; and the design of furnaces and 
plant for steel tube construction. 

In 1951 he accepted an offer to join Vono Industrial 
Products Ltd. (now known as Duport Ltd.) as chief 
engineer to advise and co-ordinate new projects and 
technical research in the Group. Two years later he was 
invited to take over direction of his former position with 
Vono Ltd., which by then had considerably expanded. 
He was appointed director and assistant managing 
director, in which position he gained extensive experience 
in the marketing, sales and distribution of consumer 
products on a national scale. 

In the transitional period while Revo Electric Co. Ltd. 
was being acquired by the Duport Group, Mr. Rigg was 
given the task of reorganizing the structure of the company 
as works director, and in 1957 was appointed managing 
director. 

Mr. R. E. Ansell has assumed the title of sales director 
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and. Mr. C. Bowles has been appointed to the position 
of sales manager, responsible to the sales director, of 
Henry Wiggin & Co. Ltd. 


Mr. Rene D. Wasserman, chairman of the Castolin- 
Eutectic companies, celebrated his 50th birthday on 
November 4 with a trip that will take him to five con- 
tinents inspecting the business he has built up during 
his lifetime. 

At the age of 29 Rene D. Wasserman sailed for New 
York from a family business at Pully, Switzerland, to 
exploit the specialized welding processes that were 
making the name of Castolin prominent throughout 
Europe. There he founded an affiliated company, 
Eutectic, which under his leadership expanded across 
the continent enlisting the principal industrial companies 
of North and South America among his clients 


The British Iron and Steel Federation announces the 

following appointments 
r. E. W. Senior, C.M.G., to be 
Federation. 

Mr. J. B. Cowper to be managing director of British 
Iron and Steel Corporation Ltd.—the industry’s main 
central trading organization—in addition to his present 
post of financial director of the Federation 

Mr. J. Driscoll to be assistant director (economics 

Mr. L. J. Gallop to be assistant director (statistics). 

Mr. B. S. Keeling to be assistant director (training). 

Mr. A. H. Mortimer to be assistant director (com- 
mercial). 

Mr. K. Donohue to be secretary of the Federation. 


director of the 


B.S.A. Tools Ltd. of Birmingham and Metachemical 
Processes Ltd. of Crawley announce that they have 
formed—on an equal partnership basis—a new company, 
Metachemical Machines Ltd 

While the scientific work of the new company will be 
carried out at its Crawley headquarters, production will 
be undertaken initially by the Kemworthy Jig & Press Tool 
Co. Ltd. of Morden, which Metachemical Machines Ltd 
has acquired as a wholly-owned subsidiary. 
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Classified Advertisements 


FIFTEEN WORDS 73s. 6d. (minimum charge) and 4d. per word 
thereafter. Box number 2s. 6d. including postage of replies. Situations 
Wanted 2d. per word 

Replies addressed to Box Numbers are to be sent, clearly 
marked, to Metal Treatment and Drop Forging, John Adam 
House, John Adam Street, London, W.C.2. 


MACHINERY FOR SALE 


ETHER COMBINED TEMPERATURE INDICATORS AND REGULA 
TORS, zero/1,000°C. Six instruments 

Ether combined indicetor and chart 
1,000°C. Two instruments 

Two G.E.C. photo-cell equipments comprising projector, 
type LLH, control relay, type A, and photo equipment, 
type MD 

Two process timers by Burrell, Sheffield, zero/30 sec 
Five Ether-type 650 ‘ Throttltrol’ control units 

Six McClaren protective thermostats 2501/50, 5 amp 

200/750°C 

All above second-hand, unused 


recorder, zero 





WHITEFIELD MACHINERY & PLANT LTD., 
48 Chatham Street, 
Edgeley, Stockport, Cheshir« 
ERIE 8,000-lb. HAMMER, new 1938, 


unused since 1947, no defects, operation 
by steam or air, dismantied. Available 
immediately. — Box No. EE142, Meral 
TREATMENT AND DROP FORGING. 











Two — HEENAN & FrRoupE Type P.66 OIL-COOLER UNITS 
complete in all details; condition unused. Two 
Vickers-Detroit Hydraulic Pumps, Type V.105.C 
Whitefield Machinery & Plant Ltd., 48 Chatham Street 
Edgeley, Stockport. 


ee 


BILLETS 


FOR 


ROLLING @© FORGING 


SPARTAN STEEL & ALLOYS LTD 





534 ATTERCLIFFE ROAD, SHEFFIELD 9 - TEL. SHEFFIELD 49551 
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lubrication. 


— tool life trebled! 


COLLOIDAL GRAPHITE 


GRAD, by constant research and 
exhaustive laboratory and field tests, 
are meeting the exacting demands 
of British industry by supplying 
colloidal graphite dispersions that 
in many instances can double overall production. 

Another significant aspect of the enterprising services that 
GRAD provide for their customers, is delivery in half the 
normal time. If yours is a lubrication problem consult 
GRAD. They know what you may want to know about 
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cleaner to use! 


GRAPHOIDAL DEVELOPMENTS LTD 


CONSULTING LUBRICATION ENGINEERS 
WREAKES LANE, DRONFIELD, NEAR SHEFFIELD 











ABBEY HEAT 
TREATMENTS LTD. 


Plaza Works, High St., Merton, S.W.19 
* 


Specialized Heat Treatment 
in our NEW Capacity Furnace 
with non-oxidizing atmosphere 

a 
SPECIALLY DESIGNED for the heat 
treatment of high temperature alloy 
materials up to 1,300°C. 
* 


Enquiries will be dealt with personaily by our 
Technical Staff - Ring CHERRYWOOD 2291/2 


A.D. D.ALARM. LEME. & ARB. Approved 




















Cut your finishing costs on 
DIE SINKING & FETTLING 

By using the British made 
BRIGGS - AJAX 

Range of 
AIR GRINDERS 


which have achieved an enviable reputation for 
reliability since their introduction 21 yrs. ago. 


AJAX JUNIOR, |00,000 r.p.m. for Stones 
dy” to }” dia. 

AJAX MK. Ill, 50,000 r.p.m. for Stones 
}” to 2” dia. 

BRIGGS MK. II, 28,000 r.p.m. for Stones 
3" to |” dia. (deep reach) 

BRIGGS MK. V, !0,000 r.p.m. for Stones 
13° to 2” dia. 

Litereture on request from Manufacturers 

BRIGGS BROS. (ENGINEERS) LTD. 

206 EDWARD ROAD, BIRMINGHAM, 12 
Telephone: CALthorpe 2995 
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METALECTRIC 
ANNAN 





Heat treatment of forgings 


The lower furnace is the latest of many Metalectric installations at Garringtons Ltd., Bromsgrove. 
The plant, which includes endothermic atmosphere equipment, is used for clean hardening and 
tempering of small tools. It supplements other installations such as the heavy duty furnaces 
shown in the upper photograph, which are used for the heat treatment of miscellaneous forgings 


METALECTRIC FURNACES LTD. 





SMETHWICK + ENGLAND 
FOR ALL FORMS OF ELECTRIC HEAT TREATMENT EQUIPMENT 12/300'6!. 
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FLAME 
HARDENING 


CASE HARDENING 
CYANIDE HARDENING 


HARDENING OF PRESS TOOLS 
AND DIES ETC. 


PLASTIC AND RUBBER MOULDS 


HEAT TREATMENT OF FORGINGS 
AND MACHINE PARTS 


ANNEALING 
NORMALISING 
STRESS RELIEVING 


HEAT TREATMENT SPECIALISTS 















Dust & Grit 
Collectors 











| 
| 
| 
| 
| 








ENGINEERING 
HEAT-TREATMENTS 


(Manchester) LTD. 


TELEPHONE: TRAFFORD PARK 3114 


CORNBROOK PARK RD. OLD TRAFFORD, MANCHESTER 15 





% 2" « : + 


FOR HEAT TREATMENT 


This photograph shows an Alidays & Onions UF/! 
Dust Collector, primarily for use with hearths and | 
designed to meet the requirements of the Clean Air Act 


ALLDAYS| —s ig ) 
& ONIONS) fm = 


GREAT WESTERN WORKS : BIRMINGHAM i1 
Phone: ViCtoria 225!-4 


dondon Office: 2 Queen Ann's Gate. Westminster, London, $.W.! 
Phone: WHitehal! 1923/4/5 
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LARGE FABRICATIONS 
require 


LARGE FURNACES 


for 


STRESS RELIEVING 


The large Gas Fired Stress Relieving Furnace installed at Vickers 


Pe 





Armstrong (Engineers) Ltd., Barrow-in-Furness, has an 
internal width of 21’ 6” and a height from the top of the bogie to 





the crown of the arch of 21’ 6” with an internal length of 40’ 0” 
The furnace is designed to do stress relieving operations in the 
temperature range of 600-650°C. and is also capable of operatinz 
at temperatures up to 950°C. The bogie is capable of taking a 
load of 100 tons 

Dowson & Mason Stress Relieving Furnaces, designed to meet 
specific requirements, are giving unrivalled performance all over 
the world. 


DOWSON & MASON LTD 
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Ly” MELLOPAD 


Anti-vibration 
material... 








® 


--sfor incorporation in the concrete found- 
ations of power hammers, drop stamps, 
foundry jolters to reduce transmission of 
vibration. 








Also for the isolation of precision machines 
from external disturbances. 


The picture shows Mellopad laid in a pit 
preparatory to casting the concrete block 
for a precision grinder, capacity 24 ft. x 
18” dia. 

Write to us for 
recommendations. 


particulars and 
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MELLOWES & CO. LIMITED. 


Photograph by courtesy of Messrs. 
Marfleer & Weight Lid. 
Melbourne, Australia. 


SHEFFIELD. 3. 
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ELECTRO HEAT 
TREATMENTS LTD. 


BULL LANE WEST BROMWICH 
Telephone WES 0584—0756 


THOMAS ANDREWS 


COMPANY LUnMt Tt €9 
High-Grade Steel Makers 


AND 











uw u ( HIGH SPEED STEELS 
MONARCH ) HOT & COLD DIE STEELS 
{TOOL HOLDER BITS 





BRIGHT ANNEALING 
Copper and steel pressings, bolts, strip, 





" N T 11 ( CARBON & ALLOY TOOL etc. 
HARDE | E ) STEELS forALL PURPOSES BRIGHT HARDENING 


( CARBON TOOL STEEL for 
) CHISELS, PUNCHES, &c. 


“HELVE" 





Bolts, springs, etc. 
nents up to 3 ft. 


CASE HARDENING 


Carbonitriding and Gas Carburizing up to 
4ft.6in. High frequency up to 10 kVA. 


Also large compo- 


ROYDS WORKS AND 
HARDENITE STEEL WORKS LIGHT ALLOYS 
ATTERCLIFFE ROAD, SHEFFIELD, 4 Solution and precipitation up to 10 ft. 


Export Department 
THE HARDENITE STEEL COMPANY LIMITED 


Telegrams: 
Shafting. Sheffield. 4 


Telephone 
Sheffield 22/3! 





























We specialize in the use of controlled 
atmospheres for all heat treatment. 


100 ton weekly capacity - Laboratory 


supervision - Local deliveries 
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SURFACE CRACKS CAN KILL 







Can YOU rely 


on the 
naked eye P 


Yes—if there’s something for the 
eye to see. And there always is 
when a FEL-Electric Magnetic 
Crack Detector is used. Surface 
cracks, and in some cases sub- 
surface cracks, are shown up clearly 
with the aid of FELTEC Detector 
inks 


Any size or type of component 
can be thoroughly tested by a Fel- 
Electric Crack Detector 





are supplied in Black, Red, 


| % FELTEC Crack Detector Inks 
Yellow, White and Fluorescent 
| 





STAINLESS STEEL 
HEAT RESISTING 


CYANIDING POTS 

CASE HARDENING BOXES 

CAST IRON. BRASS. GUN METAL 
PHOSPHOR BPONTE. ALUMINIUM erc 





FOSTER LTD. 


Hon t(n30OW. Listes Sil 
Cc 


The machine is easily operated 
speedy, and is completely non-des- 
tructive to the components under 
test 


Fel-Electric design and supply 
detectors for any type of component 

even very large items which must 
be tested in situ 


If you have an inspection problem 
or would like more technical details, 
please write or telephone 


metal treatment 


and Drop Forging 


(Ohio; : av See “lite Peer” | 


To show these faults the Detector 
used was our Model LB.126 which 
employs the A 
method and operates on a Time 


Current Flow 


Control immersion principle. It is 
suitable for testing parts from 1 
to 16° long. 


Ferrous and Non-Ferrous Crack Detection by 


FEL-ELECTRIC LIMITED 


Sydney Street, Sheffield, |. 


CONTRACTORS TO H.M. ADMIRALTY 





HIGHLY ALLOYED STEEL 
CASTINGS 


‘JOFO" castings are available in 
a wide range of qualities 


From a few ozs up to 25 cwts each 


M.O.S approved inspection fac:litves installed 
Routine X-ray control 


Regd. Office 
BROADFIELD RD., SHEFFIELD 8 
Telephones: 5243! 4 
Office and Works Entrance 
AITZLEWOCD AD., SHEFFIELD 8 
Foundry : Aiziewood Rood. Sheffield 
Machine Shops: Broadfieid Road, Sheffield 
Londen Office : Central House, 
Upper Woburn Piace, W.C.! 
(EUSton 4086 
Giasgow Office : 93 Hope Street, C.2. 
(Central 8342/5) 


EELMAKERS 


Tel.: 27357 


AIR MINISTRY, MINISTRY OF AVIATION 


ABRASIVE RESISTING 
HEAT & ABRASIVE RESISTING 


HIGH SPEED TOOL, DIE 

& SPECIAL ALLOY STEELS 

also STAINLESS STEEL ROAD 
LINES, STUDS & SIGNS 





FOUNDERS 
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you don’t need a piggy-bank to save! { 
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you need a FRANKLIN-DINE OIL BURNER to achieve immediate economy in 
oil fuel. Whatever the consumption, from 4th to 150 gallon per hour 

there is a FRANKLIN-DINE OIL BURNER to give ; 
increased oi] economy at lower maintenance cost.” 


Write to-day for full particulars 





for all furnaces 
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| MELLOWES & CO. LIMITED. SHEFFIELD. 5. | 











ARB DGI APPROVED } 


TOMAS ANDREWS | ELECTRO HEAT 





AND Cc LIMITED T caTeasraire iTD 
RKP thivriewd & . 


| 
iT High-Grude See! Makers | 
= BULL LAN! WEST BROMWICH 


” HIGH SPEED STEELS 
MONARCH ) HOT & COLD DIE STEELS 
q HOLDER arr’ 

a T ‘?. CARBON & ALLOY TOOL et 
HARDENI F" j STEELS for ALL PURPOSES BRIGHT HARDENING 


Telephone WES 0584-0756 


BRIGHT aieiry ALING 


( | and cl pressings, bolts, strip, 


Bolts, springs, et< Also large compo 
. ELVE™ ( CARBON TOOL STEEL fo nents up to > ft 
H j CHISELS, PUNCHES, &« CASE HARDENING 
Carbonitriding and Gas Carburizing up to 
it] 4ft. 6in. High frequency up to 1OkVA 
| MA ac an : e s ret ‘ ‘wor KS | LIGHT ALLOYS 
tH] ATTERCLIFFE ROA SHEFFIELO 4 | Solution and precipitation up to 10 ft 
til 
1} E «port Deportme We specialize in the use of controlled 
| THE MARDENITE STEEL COMPANY LIMITED | atmospheres for all heat treatment. 
| 
Tevepnene Votagveme 100 ton weekly capacity - Laboratory 


supervision - Local deliveries 


| 
Sheffield 22/3! Shatting, Shefield. 4 | 
' 

















Rotary Compressors 


and Vacuum Pumps 








are suppliec k, Red reEL"-CLEW EP 8ee bi i Civ 
Yellow, White and Fluorescent Sydney Street, Sheffield, | Tel 27357 





HIGHLY ALLOYED STEEL 
CASTINGS 


From a few ons up to 25 cwts each 


MN fohnson ii seb WA 
a 
eacanemis ae secoveee a 


Telephones: $243) 4 


AIZLEWOOD AD., SHEFFIELD 6 
Peundry - A 


ewoed A Lnefreid 









Mm oo fre 0 hefhieid 
entra House 
we. e burn Place, W 
eS ton 4086 
ne? 6 =— s Giasgew OF 93 Hope Street, C.2 






Centra! 8342 5 


H. JOHNSON FOSTER LTD. STEELMAKERS & FOUNDERS 
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you don’t need a piggy-bank to save! 


you need a FRANKLIN-DINE OIL BURNER to achieve immediate economy in 
oil fuel 





Whatever the consumption, from {th to 150 gallon per hour 
there is a FRANKLIN-DINE OIL BURNER to give 


increased oi] economy at lower maintenance cost. 


Write to-day for full particulars 





for all furnaces 
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Manufacturers of 
JSTRIAL FURNACES AND O!L BURNING EQUIPMENT 
FOR ALL PURPOSES 
FRANKLIN FURNACE CO. LTD 
BAKER STREET SPARKHIL BIRMINGHAM, | 
Phone ViCroria 2579 
es 
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Rotary Compressors 


and Vacuum Pumps 





Two stage Rotary Compressor Type RVC 510, Photograph by kind permission of 
delivery 2540 CFM of free air at a discharge Teddington Aircraft Controls Ltd.. 
pressure of 100 PSIG. Merthyr Tydfil, Glamorgan. 
Delivery volumes range from 150 CFM to 3500 CFM at discharge pressures 
up to 114 PSIG or VACUA up to 99.9", for air and gas. 


Over 50 years of experience, research and development have culminated 
in optimum performance, low maintenance cost and the highest possible 
degree of reliability. 


Tor details please contact: 
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THE FLEXIBLE 
FUEL SERVICE 


Get going with Gs. whatever the job 


sent ° feat: fast or slow feat i 


G8 ov 
flexible Alea ; tully automat feat . 
economic and reliable feat With the benefits of the indus- 

|i bee 


try's researct 


.. but always clean, 


j echnical advisory service, enjoy 


confidence wit! GA ° SSUEO BY THE GAS COUN 








Price 2/6 





























